S

{eutd

FINAL REPORT

50349 £112d5s)
s 310494

el

A

(

NIMBUS D RMP PROGRAM

CONTRACT NAS 5-10391

MAY 1867 TO MAY 1970

Prepared by

SPERRY GYROSCOPE DIVISION

SPERRY RAND CORPORATION
GREAT NECK, NEW YORK

SGD 4222-0569

NOVEMBER 1972



FINAL REPORT

NIMBUS D RMP PROGRAM

CONTRACT NAS 5-10391

MAY 1367 T0 MAY 1970

Prepared by -

SPERRY GYROSCOPE DIVISION

SPERRY RAND CORPORATION
GREAT NECK, NEW YORK

Prepared for

GODDARD SPACE FLIGHT CENTER
- GREENBELT, MARYLAND

A

SGD 4222-0569
NOVEMBER 1972



Paragraph
1,0

2.0

3.0

4.0

3.0

APPENDIX
I

I

-

VI

vl
Vi

TABLE OF CONTENTS

Title

INTRODUCTION

OBJECTIVES AND PURPOSE OF EQUIPMENT
2.1 Objectives

2.2 Purpose of Equipment

DESCRIPTION OF EQUIPMENT

3.1 RMP Description
3.2 Kearfott Alpha I Gyro Design and Description
3.3 Bench Test Equipment Description

DELIVERABLE ITEMS

PROGRAM ACCOMPLISHMENTS

5.1 Background

5.2 Summary

5.3 RMP Accomplishments

5.4 Integration of the Kearfott Ball Bearing Gyro
5.5 BTE Accomplishments

Kearfott Alpha II Gyro, Qutline Drawings and Purchase
Specifications

Parts Screening Test Program for Nimbus D Rate
Measuring Package

Thermal Analysis for Nimbus D Rate Measuring Package
Review of Failure Report on Kearfott Gyro S/N 1
Failure Analysis Report on Kearfott Gyro S/N 2

System Engineering Program Plan for Nimbus D RMP
Connector Change

Report on Malfunction of RMP FT04

Electrical Stress Analysis and Inherent Failure Rate
Prediction for Nimbus D Rate Measuring Package

37

39

39
39
44
57
63



Figure

[+ LI VL ]

Table

W D =] M O W N =

—t
_-

[ T I
=1 S N e LN

LIST OF ILLUSTRATIONS

Title

RMP Turn-On Current Transient

DC Power and Clock Input Interface
Command Input Load

Kearfott Alpha IT Gyro, Outline Drawing

Mass Unhalance Coefficients Vs, Gyro Operating Time
for Kearfott Gyro S/N 3

LIST OF TABLES
Title

Nimbus D RMP Interface Characteristics

RMP Telemetry Data

Outgassing Materials

Kearfott Alpha IT Gyro Characteristics

BTE Test Console Jack and Receptacle Functions
Alpha II Rate Integrating Gyro P/N C70 2564 015
Kearfott Gyro Summary

Gyro and Subassembly Utilization in Nimbus D RMP's
Malfunction Experience

Milestone Summary, RMP EMO01

Milestone Summary, RMP PR02

Gyro Wheel Rundown Summary, Kearfott Gyro S/N 1
Gyro Wheel Rundown Summary, Kearfott Gyro S/N 3
Milestone Summary, RMP FT(3

Gyro Wheel Rundown Summary, Kearfott Gyro S/N 4
Milestone Summary, RMP FT04

Gyro Parameter Study

ii

Page

10
11
13

19
55

Page

14
18
20

34
42

44
45
45
47
49
30
54
56
58
59
59



1,0 INTRODUCTION

. This is the final report on the Nimbus D Rate Measuring Package program,
Contract NAS 5-10391, The program has been conducted by the Sperry Gyroscope
Division of the Sperry Rand Corporation under the technical direction of the Systems

-Engineering Branch, Systems Division at the Goddard Space Flight Center (GSFC).
The program was initiated on 9 May 1967 and officially concluded on 31 May 1970,

The specified application and functional requirements for the Nimbus D Rate
Measuring Package (RMP) design were different in two key areas compared to the pre-
vious Nimbus B RMP. The Nimbus D RMP was to be the prime yaw axis rate sensor for
the Nimbug D spacecraft and as such, had to mechanically and electrically interface
with the new Attitude Control System (ACS) designed and developed by NASA/GSFC.

A second requirement, imposed by NASA/GSFC, was to provide capability within the
Nimbus D RMP to utilize either the Kearfott Alpha N ball bearing gyro or the Sperry
SYG 4200 gasbearing gyro. These units are mechanically and electrically interchange-
able in the Nimbus D RMP with an appropriate set of relay cards to control the starting
and running logic for each instrument,

The Nimbus D RMP design is fundamentally an extension of the successful
Nimbus B RMP experimental sub-system, In order to mechanically interface with the
Nimbus D ACS, a new RMP housing was required. The internal mounting of the PC
cards, electromc sub-assemblies and the gyros was an almost identical carryover from
the Nimbus B RMP design. To comply with the necessity of interfacing two gyros, the
electronics and harness were modified such that utilization of either gyroscopic in-
strument in the system was accommodated by simply changing two relay cards.

One prototype and two flight rate measuring packages were manufactured and
delivered under this contract, each with a ball bearing gyro., A set of bench test equip-
ment and a set of spare RMP electronics were also delivered as part of the Nimbus D
Program, The gas bearing and ball bearing gyros utilized in the Nimbus D RMP's
were supplied by NASA as GFE from the earlier Nimbus B RMP Program, Contract
NAS 5-9571, :

The objective of this program was successfully fulfilled when on 10 April 1970,
the Nimbus IV spacecraft was launched with Kearfott gyro S/N 4 in Rate Measuring
Package FT04 S/N 7. The RMP operated continuously for about one year as the prime
yaw axis sub-system. This final report presents a description of the equipment de-
livered and discusses, in detail, the engineering effort associated with the integration
. of the Kearfott Alpha Il gyro 1nto the Nimbus RMP. Included in this document is a

discussion of problems encountered with the Kearfott gyro and a summary of life data
on these instruments, _
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2,0 OBJECTIVES AND PURPOSE OF EQUIPMENT

2.1 Objectives, The overall objective of the program was to continue the development

of an advanced Long Life Rate Measuring Package, designed for a five-year useful
life as a meteorological satellite control sensor. The Nimbus D RMP was designed to
mechanically and electrically interface with the spacecraft ACS and have the capability
of utilizing either the Kearfott Alpha II ball bearing gyro or the Sperry SYG 4200 gas
bearing gyro as the rate sensor,

The basis for the Nimbus D RMP design was the successful Nimbus B RMP
experiment aboard the Nimbus 3 spacecraft. Fundamentally the same design appreach
was taken in the development of the Nimbus P RMP as was employed in the design and
development of the Nimbus B RMP, Two noteworthy modifications were introduced in
the development of the Nimbus D RMP. First, the mechanical structure was modified
to interface with the ACS; this required four mounting flanges and the inclusion of an
optical alignment mirror mounted directly tothe gyro bracket. Secondly, changes were
introduced to the electronics and harness such that either the Kearfott Alpha II or the
Sperry SYG 4200 gyro could be utilized as the rate sensor. Employment of either gyro
in the system requires a set of relay cards which prescribes the starting and running
logic for each gyro.

2.2 Purpose of Equipment, The primary function of the Rate Measuring Package is to
- provide rate information for the reaction wheel and gas jet torquing devices that are
used to damp spacecraft oscillations and to constrain it in the required attitude with
respect to the orbital plane, The Rate Measuring Package sensor, a single-degree-
of-freedom, rate integrating gyro, is orienied such that the sensitive axis is inclined
45 degrees from the yaw a.x1s in the plane of the yaw-roll axes. The rate threshold of
the RMP is less than 0.1 /hr which provides resolution of spacecraft displacement
about the yaw axis of less than 0,04 degree, The RMP maximum rate sensing capa-
bility is 0.2%/sec with a nominal total input power in orbit of approximately 8 watts,
with the ball bearing gyro. The total input power in orhit with the gas bearing would
be 3.5 watts, with the heater off.

Telemetering of key system and gyro parameters is provided on a continuous
basis, A command sequence is available to operate the ball bearing gyro, heater on
or off, when in orbit. Command sequences are available to operate the gas bearing
gyro wheel at 12, 000 or 24, 000 rpm, with the heater on or off. During spacecraft
launch the gas bearing gyro wheel MUST be operated at 24, 000 rpm to survive boost
vibration input levels,

In early 1969, (prior to the launch of the Nimbus 3 spacecraft) the decision
was made by NASA/GSFC to qualify the prototype Nimbus D RMP with the Kearfott
Alpha II ball bearing gyro. The two flight RMP's were also flight-qualified with the
Kearfott Alpha II ball bearing gyro as the rate seansor,
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3.0 DESCRIPTION OF EQUIPMENT

_3. 1 RMP Description

.1.1 General. The RMP measures 6 x 6 x 6-1/2 inches and weighs approximately

3 & l
9-1/2 pounds. It contains the following major assemblies.

e Floated, Rate Integrating Gyro - Electronics designed such that either the
Kearfott C70-2564-015 ball bearing gyro or the Sperry SYG 4200 gas
bearing gyro may be utilized.

e Six, single-sided, printed-circuit cards containing the gyro feedback
electronics, gyro excitation electronics, heater controller, telemetry
signal conditioning circuits, and c_ommand relay circuits,

e Inverter subassembly which provides excitation to the gyro spin motor,
¢ RFI assembly containing input and output filter components

e Harness assembly inclt_ld:ing four external and eight internal connectors,
¢ Gyro normalization assembly containing gyro calibration components,

The above assemblies are mounted in a cast aluminum support structure pro-
viding the proper mechanical alignment and thermal transfer characteristics.

Telemetering of key system and gyro parameters is available on a continuous
basis. Optional command inputs are provided to cut off gyro heater power in orbit, if
desired, and also to reduce the gyro spin motor voltage, :

3.1.2 Test Data., Prototype and flight RMP units for Nimbus D have been manufactured
and tested in general accordance with NASA/GSFC Specification for Rate Measuring
Package (RMP), S-731-P-47A, dated August 30, 1967. Factory Acceptance Tests
{FAT) are delineated in Sperry Test Specification T4310-10678, Factory Acceptance
Test, Nimbus D RMP, Environmental tests are performed per NASA/GSFC Environ-
mental Test Specification for Nimbus D Subsystems, $-320-N1-3-A, dated September
22, 1967,

3.1.3 Mechanical Interface

The mechanical interface of the RMP with the ball bearing gyro is described
in the following sub-paragraphs as this was the configuration of the prototype and two
flight systems delivered under this program,

3.1.3.1 Configuration and Weight, The configuration of the Rate Measuring Package
is defined by RMP outlined drawing No, 4310-90586. The weight of the Rate Measuring
Package is approximately 9,5 pounds.




3.1.3.2 Mounting. The RMP is secured to the Attitude Control System (ACS) structure
by means of an integral mounting flange, (See RMP outline drawing No, 4310-90596,)

3.1.3.3 Gyro Alignment. The gyro input axis is located in the roll-yaw plane within

+2 arc minutes of an optical reference surface on the gyro assembly, and 45 degrees
#30 arc minutes from the positive yaw axis towards the negative roll axis.

3.1.4 Environmental Capabilities

3.1.4.1 Temperature

Operating temperature range 10°C to 40°C
Qualification temperature range -5°C to 50°C
Storage temperature range -12°C to 85°C

3,1.4.2 Vibration, The RMP is qualified at the following levels about all axes:

Sinusoidal 10g, 0-to peak, 5 to 2000 Hz (15g, O-to-peak,
30 to 150 Hz, thrust axis only)

Random 0. Zgz/Hz, 20 to 2000 Hz

3.1.4.3 Thermal Vacuum, The RMP will operate within perfor mance requirements
in an ambient pressure of 10-% mm Hg and at temperatures ranging from -59C to 500C,

3.1.4.4 Bumidity, The RMP will withstand 95% relative humidity at 30° C for 24 hours
without mechanical or electrical damage.

3.1.5 Rate Output Characteristics. The rate output across terminals J3-2 and J3-1
has the following characteristics:

Scale factor (unloaded): 10045 vde/deg/sec

Polarity: A positive vehicle yaw rate produces
a positive RMP output at J3-2

Output resistance: 200030 ohms
Maximum output: +25 vde
Noise (max): 20 mv peak-to-peak

The rate output return, J3-1, must uitimately connect to the same grouhd as
the other RMP dc returns, in order for the indicated rate telemetry (T/M) channels to
function,



The rate output circuitry is basically isolated from the remainder of the RMP
except for the resistive loads provided for the indicated rate T/M signal condltioner
circuits.

3.1.8 Electrical Interface

The following paragraphs provide electrical interface data for the ball bearing
configuration RMP, Table 1 contains a summary of electrical interface connections
and characteristics,

3.1.6.1 Electrical Connectors, Three Cannon-type DM connectors provide electrical

interconnections between the RMP and the spacecraft harness, A fourth connector
routes test points to the bench test equipment. Connector designations, types, and
functions are as follows: '

Designation Type " Function
J1 DDM-50P Power and clock inputs
J2 DBM-25P Telemetry outputs
J3 DEM-9P | Rate output
J4 ' DAM-158 Bench tést equipment testpoints

Table 1. Numbus D RMP Interface Characteristics

Connec- BC |- Impedance (Ohms) :
tor Pin Volts Amps Source Load ' Remarks
J1-1 -1 0,12 Note 1 230 RMP ON command pulse (+)
-2 -22.5 230 } (-}
-3 -1 210 RMP OFF command pulse(+)
-4 -22.5 } (=)
-5 -1 LOWER MOTOR VOLTAGE
command pulse {+)
-6 -22.5 _ { | (-)
-10 -24,5 0,5 ] 52 Emergency off input
-13 + 1. 3 max 0, 025 max 1K min 50 Gyro torgues input
-14 - - Gyro torques return
-15 | - - - Bench test equipment
: Short interlock
16 - - -
-18 - T/M power return
-19 -24.5 1.4 max - - Relay power input
=20 - - - Relay power return
-21 - 1,0 max - - Inverter power return
-22 - - - Inverter power return
-23 - - - - Chassis ground



Table 1, Numbus D RMP Interface Characteristics {Cont,)

Connec- DC Impedance {Ohms)
tor Pin Volts Amps Source I Load Remarks
J l-gg - - Note 2 - Chassis Ground
-26 - - -
=27 -1 0.12 Note 1 230 HEATER OFF command
pulse (+)
"28 "22. 5 (-)
-29 -1 MOTOR ON command  (+)
-30 -22.5 {-)
-34 0. 005 Y 5K T/M power input
=35 - Note 2 -
-37 { 1,0 max - 25 Inverter power input
-38 } -
-40 -19.6 0. 006 - 2.2K min 400Hz clock input, phase A
-41 -19,6 0.006 - 400Hz clock input, phase B
-42 +4,5 below 0,001 - 10K min 5kHz clock
J2-1 -10 max  below0.001 5K(Note3) Note 4 Relay status No, 1 T/M
-2 5K 2
-3 3K Primary voltage
-4 22K Motor voltage
-5 2K Motor current
=7 21K Heater power
-8 Note 1 T/M return \
-9 -10 max  below 0.001 10K(Note3) Note 4 Gyro temperature T/M
-10 10K + Subsystem temperature T/M
-11 -10 below 0,001 27K Note 4 High resolution indicated
rate T/M
-12 26K Medium resclution indicated
rate T/M
-13 13K Low resolution indicated
rate T/M
J3-1 below ), 001 Rate signal output
-2 +25 max  below 0,001 2K 2.2Meg Rate signal return
-6 +10 0,001 10K +10 vdc power input
-7 -10 0.001 10K -10 vdc power input
NOTES: 1. During pulse, 30 ohms; otherwise, 10K ohms
2. No connection to Nimbus spacecraft
3. DC impedance given {shunted by 2, 2 ufd capacitor)
4. During 160~microsecond sampling period, 1 megohm; otherwise 10

megohms



3.1,6.2 Power Requirements

e Power Inputs, There are three -24,5 vdc power inputs to the RMP, Dual
connections for each input are provided as follows:

T/M power -24,5 vde - J1-34

Return ' Ji-18
Inverter power -24.5 vde J1-37, 38

Return J1-21, 22
Relay Power -24.5 vde J1-19

Return J1-20

e Input Power Regulation, Spacecraft regulated supply characteristics are
nominally as follows:

Voltage regulation 24,540, 5 vde
Ripple 100 millivolts, peak-to-peak
Power distribution voltage drops 0.5 vdc max,

o Power Consumption. Power consum‘pﬁion of the RMP under various condi-
tions of operation is:

RMP turn-on (electronics and heater full on) 26.0 w max
- Gyro wheel turn-on (heater full on) 31,0 w max
Gyro wheel at sync -(heatef full on) 30,0 w max

Steady-state in orbit

Heat sink at 10° C 11.3 w nom
Heat sink at 25° C 9,0 w nom
Heat sink at 40° C 6.8 w nom
Steady-state, sea-level ambient, 25° C 20 w nom

Steady -state, heater off 5.0 w max
Steady-state, heater off, lower motor voltage, 4.2 w max

The required input current during RMP turn-on is given in the turn-on
current transient curve, (figure 1),



e Input Voltage Limitations, The RMP will withstand indefinitely a rise in
dc line voltage up to -35 volts,

e Loading Characteristics. As shown in figure 2, the T/M, inverter and
relay power loads are not completely isolated from each other, although
they are isolated from the RMP chassis.

The T/M power load is resistive, and varies with RMP status and temperature,
Tts minimum value ig not less than 5000 ohms,

_sf\

INPUT CURRENT = AMPS

o 100 200 300 400
TIME FROM TURN-ON — MICROSECONDS

Figure 1, RMP Turn-On Current Transient

The inverter power load (load B in figure 2) consists of the gyro motor, gyro
heater, and electronic loads. The inverter input circuit contains an RFI filter; the
capacitors in the filter are charged whenever the bus is energized. The gyro heater
has a minimum resistance of 23 ohms and is energized by the supply voltage during
gyro warmup, When the gyro is within approximately 1° F of operating temperature,
the heater is switched on and off at a 8-kHz repetition rate, the duty cycle adjusting
itself to the heat losses in the gyro.

The relay power input feeds load A as shown in Figure 2, The load consists

of four relay coils having a combined minimum value of 52 ohms, and exists during an
RMP OFF command.
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Figure 2. DC Power and Clock Input Interface
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3.1,6,3 Reference Signal Inputs,

The RMP requires three,square-wave, reference frequency inputs from the
spacecraft command clock subsystem, and a + 10-vdc input from the control logic
subsystem,

¢ 400-Hz Reference Signals. The two phases of the 400-Hz square-wave ref-
erence signals are connected to the RMP as follows:

Phase A J1-40
Phase B J1-41

The load on both reference signal inputs is 2200 ohms, capacitively coupled.
As shown in figure 2, reference signal returns are via the inverter power returns,
pins J1-21 and J1-22,

The sources for the two 400-Hz square-wave inputs should have no-load
output amplitudes of -23.5+1, 5 volts and -1, 5£1. 0 volts, with source impedances of
275 £25 ohms, Phase B should lead phase A by 90 £2 degrees, The no-load transition
times should not exceed 5 microseconds. The square waves should each be symmetric-
al within 0, 5 percent,

e b5-kHz Reference Signal. The 53-kHz square-wave reference input is termi-
nated at J1-42, The load has a minimum value of 10K ohms, capacitively
coupled, Signal return is via the inverter power returns, J-21, and J1-22,
as shown in figure 2.

The source for the 5-kHz input should have no-load output amplitudes of
%5, 2540, 75 volts and +0, 20 +0, 15 volt, with a source impedance of 1730 +200 ohms.
The square wave should be symmetrical within 3 percent, and have no-load transition
times of less than 6 microseconds.

If any other subsystems require the same 5-kHz source, their combined
loads should not be less than 10K ochms, Shunt capacitance across the source due to
cabling, and other subgystems, should not exceed 3000 pf,

e +10-Volt DC Inputs, The RMP requires +10-volt and -10-volt dc inputs
which are applied to terminals J3-6 and J3-T7 respectively, A 50K-ohm load
bridges the inputs. The dc inputs should have the following characteristics:

Voltage regulation
Source resistance 100 ohms max

12



3.1.6.4 Command Inputs Five command inpuis provide the following functions:

Command

RMP ON

RMP OFF

Motor ON

Low motor
voltage
(optional}

Heater OFF
(optional)

Connector

Termination

J1-1
J1-2

J1-3
J1-4

J1-29 -
J1-30
J1-5
J1-6

J1-27
J1-28

Function

Applies power to gyro heater,
torque feedback loop, and all
other RMP functions, except

gyro spin motor

Removes all power to RMP,
except full-time telemetry.
Resets all latching relays.
Energizes gyro spin motor,
Reduces spin motor voltage
from 29 to 24 volts,

Removes dec from the gyro
heater controller

The load for each command input is shown in figure 3,

g
(4

Ji

RELAY
Col

POTTER - BRUMFIELD
TYPE FL#~12v, 230 cheng {LATCHING)
TYPE FCH-12v, 210 ohms (NOK - LATCHING)

Figure 3 Command Input Load

3.1.6,5 Telemetry Channels. Twelve analog T/M channels are provided to monitor
RMP data, Their outputs are available at connector J2, The common T/M return is
at J2-8 which connects to the T/M power return (J1-18, figure 2). Table 2 lists T/M
functions and output terminations as well as signal source resistance and power source,
Any, or all, of the T/M outputs can be shorted to ground or each other, without ad-

versely affecting RMP operation,

The T/M signal characteristics are:

Voltage range (useful):

Voltage range (maximum};

Signal source resistance:

0to -6,4 vde

+0,8 to ~10 vde -

(Refer to table 2.,)
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Each T/M channel is shunted to the T/M return by a 2.2 ufd capacitor to
minimize errors during the sampling period and to reduce noise levels,

Table 2, RMP Telemetry Data

Source
Channel Terminal Resistance (RS ohms) Power Source
Relay status No, 1 J2-1 5K Spacecraft
Relay status No. 2 -2 SK Spacecraft
Primary voltage -3 3K Switched
Motor voltage -4 22K Switched
Motor current =5 2K Switched
Gyro sync -6 ' 27K Switched
Heater power -7 21K Switched
Gyro temperature =9 10K Spacecraft
Package temperature -10 10K Spacecraft
Indicated rate, -11 27K Switched
High resolution
Indicated rate, -12 26K Switched
medium resolution
Indicated rate, ~13 13K Switched

low resoclution
NOTES: 1, J2-8 is common T/M return for all channels,

2. Switched indicates T/M channel is inactive in RMP off mode; spacecraft
indicates that T/M point is active whenever spacecraft power is on,

3. Gyro/Sync is not functional in this RMP which uses Kearfott gyro.

3.1,7 Performance and Detailed Design Data

3,1.7,1 Performance Characteristics, The following RMP performance characteristics
apply only when the ball bearing gyro is at its operating temperature and in a 1-g
environment,

14



Item

Linearity

At input rate of 0 to +0. 06 deg/sec
At input rate of 20,06 to 0,2 deg/sec

Threshold
Initial bias
Bias drift

Hysteresis

Dynamic Response
Time Constant
Overshoot

Qutput noise

Conducted noise

Mass unbalance

Scale factor

Polarity

Characteristic

+ 5%
+10%

0.1 deg/hr max,

0,1 deg/hr max,

0.7 deg/hr/month max,

0. 2 deg/hr max, for rates below
0.1 deg/sec.

1,0 sec. max.

25% max,

20 millivolts peak-to-peak max.
50 miliivolts peak-to-peak
(across 0.1 ohm inserted in
-24,5 vdc inverter refurn)

1. 0 deg/hour/G max, along each
axis

100 volts per deg/sec {up to 0,2
deg/sec)

For positive vehicle yaw rates, the
output signal is positive,

3.1,7.2 Rate Loop, Because of the relatively high gyro damping and narrow loop
band-width requirements, no stabilization network is needed. The frequency~
dependent terms in the electronics block are due to noise filter capacitors shunting
the rebalance current readout resistor,

3.1.7.3 Parameters

e Gyro,
Gyro gain, H/D 12, 4
Gyro time constant, t. 6.4 x 1075 sec

Pickoff gradient, Kp 2.1 mv/arc minute

Torquer scale factor, KT/H 72 deg/ hr/ma
Float displacement limit

stops, # max 2.4 degrees

15



o Electronic Circuits

Amplifier gain, K A

Small signal 0.27 ma/mv
Large signal 0.19 ma/mv
Output resistor, R0

Small signal 2000 ohms
Large signal 1300 ohms
QOufput time constant, t A

Small signal 0,015 sec
Large signal 0. 027 sec
Zener diode limiting of +25 vdc max
Output signal, e, See notes

NOTES: 1, Small signal defined as e less than 6 vdc; large signal defined as
€, greater than 6 vdc,

2, The two values as given for small and large signals derive from the non-
linear loading of indicated rate T/M circuits, caused by output limiter
diodes. They are not dual values but represent the changes in slope of
their respective graphs, at the output voltage level indicated,

e Overall Loop.

RMP scale factor, eo/ ¢, 100 volts/deg/sec

3.1,7.4 Characteristic Equation, Utilizing the small signal values, the roots for the

characteristic equation are as follows:
S =-11.6, -24,5, -153

These values represent an overdamped system with a primary time constant of 0. 11
second.

3.1.7.5 Mechanical and Thermal Packaging Considerations

RMP packaging characteristics are specified under the following subjects:
¢ Gyro mounting, alignment and heat transfer

¢ Electronic circuit packaging and heat transfer

Outgassing materials

L

Temperature protection

16



3.1.7.5.1 Gyro Mounting, Alignment, and Heat Transfer. The gyro is flange-
mounfed in a separate aluminum bracket. A clamp and an adapter ring are used to
retain the gyro against the ground mounting surface of the bracket, The ring is

tapered to permit adjustment of the gyro input axis (IA) alignment about the spin axis
(SA), To achieve IA alignment about the output axis (OA), the gyro and adapter ring
are rotated as required. By this means, the gyro is accurately aligned to the aluminum
bracket. An accurately machined optical alignment mirror is mounted directly on the
gyro bracket to provide an optical reference surface which is parallel to the gyro IA-SA
plane within +1 are minute. Lord isolators,with thermal conducting grease applied,
are then inserted into four bracket mounting holes; the bracket and gyro are then
mounted to the main body (casting) of the RMP, This arrangement has several ad-
vantages as follows:

e Heat Transfer - The gyro bracket is mounted to the casting at a point in
close proximity to the spacecraft structure thermal sink thus keeping the
thermal impedance to the designed value,

e Alignment - The gyro JA is aligned to the optical reference surface within
+1 arc minute about the SA and within 15 arc minutes about the OA., The
gyro IA alignment transferred to the RMP flange and locating holes is
within +30 arc minutes about both axes,

e Vibration Isolation - The Lord isolators provide vibration isolation for the
gyro. Based on actual tests conducted at.Sperry, the amplification factor
at resonance of the gyro bracket has been reduced from 20:1, hard-
mounted, to less than 3:1 with the isolators. (See Sperry Report
#CA 4216-0863 dated July 1967.)

e Alignment Calibration - The optical alignment mirror surface,which is
vigible through an aperture in the RMP casting, allows for periodic
measurement of the gyro axes alignment with respect to the spacecraft
axes,

3.1,7.5.2 Electronic Circuit Packaging and Heat Transfer. The configuration of the
RMP is such that by removing one sheet metal cover plate, all six printed circuit
boards are easily accessible, In addition, the inverter subassembly is also visible
and its mounting location is in close proximity to the mounting flange for minimum
thermal impedance and maximum support under vibration.

The component side of each printed circuit board is a gold-plated copper
surface which provides low thermal impedance to the card bracket, The heat is con-
ducted along the copper surface to the card bracket and then to the main casting, The
card bracket is rivited to the card and cemented with a thermal-conducting adhesive,
The other side of each board contains only printed circuit wiring.

The RMP does not require pressure or vacuum seals to meet environmental
test and operational requirements since all components are either individually sealed
or encapsulated, Maintainability is high because components and modules are readily
accessible for replacement,

17



3.1.7.5.3 Outgassing Materials. Table 3 defines the cutgassing materials, their

quantities, and where used:

Table 3 Outgassing Materials

Materials

Hysol PC-22
Hysol PC-22

LCA-4 Epoxy Resin
Wakefield Delta Bond 152

Emerson Cummings
TC-4 Thermal Compound

Black Oxide Finish per
MIL-F -495

Epoxy Enamel Paint,
Cat-A-Lac #463-3-8 Flat
Black

Quantity

Where Used

300 square inches x 0,03 in thick All cards and inverter,

6 square inches x 0,03 in thick

0.102

0.2 oz

0.102

24 square inches x 0. 0005
in thick

210 square inches x 0, 005

RFI bracket

Gyro normalization
package

All screws and washers

Mounting of all electrical
components

Mounting of all sub-
assemblies; gyro
bracket grommets

All exterior surfaces
of gyro

All exterior surfaces
of RBMP

3.1,7.5.4 Temperature Protection. A thermal switch on the gyro prevents damage

from overheating by the heater,

Contacts open at 175 £8°F and close at 145 +8°F,

Both the gyro and the RMP casting contain thermistors for monitoring the

temperature,

3.2 Kearfott Alpha I Gyro Design and Description

3.2.1 Background. This section provides a design and performance summary of the

Keariott Alpha II gyro which is used in the rate sensor unit of the Rate Measuring
Package, A more detailed description is contained in Appendix I, Figure 4 shows,
the size and shape of the Alpha II gyro,

This series of Rate Integrating Gyro has been used successfully in the

Mariner Space Probe and Numbus B and C space programs.
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3.2.2 Design and Performance Summary, Table 4 summarizes the pertinent electri-
cal and mechanical data for the Kearfott Alpha II gyro, An outline drawing of the gyro
is shown in figure 4.

Table 4, Kearfott Alpha I Gyro Characteristics

¢ Gyro
Weight approx, 0,85 pound
Overall dimensions
Length 3.172 in, max
Diameter

Cable end
Bellows end

Mounting diameter
Operating temperature
Transfer function
Open loop gain
Gimbal freedom
Input angle freedom
Characteristic time
Warm-up time (from 70°F)
Gyro noise
Non-acceleration sensitive drift
Acceleration sensitive drift
Anisoelastic drift

30 to 1500 Hz
30 to 2000 Hz

Random drift (1 sigma value)
Maximum torquing rate

Heating and sensing element

Warmup heater excitation

Warmup heater power

Warmup heater resistance {at 70°F)

Control heater excitation

Control heater power

20

2,010 in, max
1. 840 in. max

1,9910 +, 001 in.
165+2°F

29,3 + 24% mv/mr IA
12.4 + 19%

+2,4 degrees min

0. 19 degree

6.4 ms + 24%

4 minutes max

0. 2° /hr max

2.0° /hr max

1.0° /hr/g max, each axis

0.02°/hr/g§ peak max
0.10° /hr /g peak max

0.05° /hr max
5,0°/sec

115 volts, 1 phase, 60 Hz
112 watts max

132+13 ohms dc

28 volts dc

30 watts max



Table 4, Kearfott Alpha II Gyro Characteristics {Cont., )

Control heater resistance (at 70°F)
Temperature sensor resistance

(at operating temperature)

Motor and motor-float assembly

Output axis inertia
Motor excitation

Starting power

Running power

Starting current

Running current

Angular momentum of wheel

Signal generator

Excitation

Input current
Signal gradient
Signal linearity
Null

Phase angle (secondary to primary)

31,443, 1 ohms dc
780 chms

117 gm-cm2 nominal

27.5 to 29 volts rms
single phase square wave at
400 & 0,04 Hz

3.75 watts max
3.2 watts max

0.154 amp max
0.134 amp max

227,000 gm--cm2 nominal
sec

3.5+,07 volts, 1 phase
5000 + 0,5 Hz

0,210 amp max
2.36 to 2.4 mv/mr
1% of full scale
1.0 mv rms max

6.0 £ 3 degrees leading

Input impedance (at 70° F and 5000 Hz) 100 + j 472 ohms £ 10%
Output impedance (at 70° F and 5000 Hz) 58 + j 45 ohms + 10%

Torgque generator

Current
Scale factor
Linearity

Control field resistance (at 70° F)

Control field time constant

21

150 ma max,

134 + 13 deg/hr/ma
+0, 05 percent

38 ohms + 10%

55 microsec + 10%



3,2.3 General

A brief description of the major components of the Kearfott Alpha II gyro
follows.

3.2,3.1 Motor and Float Assembly. The motor and float assembly is a hermetically
sealed unit containing the gyro motor and is the movable inner gimbal of the gyro. The
motor and float assembly is located radially and axially within the housing {outer gimbal)
by pivots and jeweled bearings. Mounted on the end of the motor and float assembly

is the torque generator and signal generator rotor assembly.

Assembled within the float is the synchronous hysteresis motor, The gyro
motor consists of a dynamically balanced rotor mounted between precision ball
bearings contained within a rigid housing. The rotor incorporates a solid ring of
high hysteresis steel which rotates with the three-phase field, Wlth a high inertia-to-
weight ratio of the rotor, an angular momentum of 227,000 gm-cm 2/gec is achieved
at a synchronous speed of 24,000 rpm.

3.2,3.2 Torque Generator. The torgque generator operates on the D'Arsonval principal.
Permanent dc magnets and return paths are fixed to the gyro housing while two coils,
180 degrees apart, are attached to the end of the motor-float assembly. In this con~
figuration, all torques applied to the float by the torque generator are in the form of
couples with their axis coincident with the precession axis of the gyro.

3.2.3.3 Signal Generator. Utilizing a differential transformer-type signal generator,
an a-c output voltage is generated on the signal generator secondary which is pro-
portional to the angular position of the inner gimbal, This type device gives high
resolution and linearity, The excitation windings and return path are fixed to the gyro
housing while two secondary coils, are mounted on the motor-float assembly. These
coils are located in the same assembly on the motor-float as are the torque generator
coils.

3.2.3.4 Housing and Heater. The housing is a hermetically sealed case used for
supporting the motor-float assembly. It is made of a thick section of aluminum to pro-
vide an isothermal environment for the float assembly and damping fluid. The outer
surface of the housing contains a flange which is used to mount the gyro. Glass-insulated
terminals are provided in the housing assembly to permit electric leads to the motor,
torque generator and signal generator secondary. Balance adjuster parts are also
located in the housing to permit trim of the mass unbalance of the motor-float assembly
when the instrument is calibrated after final assembly. Located about the gyro housing
is the heater sensor element. This element contains a warm-up heater, an operate
heater and a temperature sensing element. Covering the housing are shields of high per-
meability, with low strain sensitivity characteristics. These shields provide magnetic
shielding for the gyro's sensitive elements.

3.2.3.5 Damping Fluid. The gap between the motor-float assembly and the gyro housing
is filled with a polychlorotrifluoroethylene type oil. The density of this fluid is the
same as that of the motor-float assembly. Thus supported, the motor-float assembly

is essentially free of all friction. The fluid viscosity provides viscous damping to the
float by laminar shear,
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3.2.3.6 Bellows. A bellows {located at one end of the case) compensates for the change
in fluid volume due to heating and cooling,

3.2.4 Special Featﬁres. A few of the more important design features of the Kearfott
Alpha II gyro are listed below.

3.2.4,1 Motor. The use of a special high density inertia ring and low density beryllium
endbells has resulted in a high angular momentum-to-weight ratio. As drift stability
is proportional to wheel angular momentum, the result has been a gyro with much
greater drift stability than units of comparable size and weight but with lower wheel
angular momentum,

3.2.4.2 Float Assembly. All sealing of the float assembly is accomplished by solder
joints to eliminate any possibility of fluid leakage into the fleat. Cements are not used

to join any critical parts together. Tests have proven that these solder joints are immune
to long term effects of temperature and immersion in damping fluid.

3.2.4,3 Torquer and Signal Generator. The signal generator stators and torque
generator magnets are external to the gyro main housing., Besides the obvious ad-
vantage of eliminating a major source of bubbles and contamination from foreign
particles in the gyro fluid, this design also has the important advantage of eliminating -
complete teardown as a result of problems with the magnets or signal generator stators
by allowing them to be replaced or adjusted without gyro teardown,

3.2.4,4 Damping Fluid. A proven polychlorotrifluorethylene oil is used as damping
fluid. This fluid has been proven by Kearfott to have no separation problems that result
in acceleration-sensitive drift changes.

3.2.4.5 Trim of Acceleration Sensitive Drift. By means of an externally adjustable
balancing arrangement, the acceleration-sensitive drift components may be trimmed to
a low level. This balancing arrangement combines fine sensitivity with positive sta-
bility and permits final trim of the acceleration-sensitive drift component to be per«—
formed under operating conditions, thus assuring low drift levels.

3.2.4.6 Flexleads, Silver-copper alloy flexleads are formed and annealed to the
operating configuration prior to assembly into the instrument. This processing of the
flexleads reduces the possibility of a shift in fixed restraints should the gyro be stored
with the gimbal in an off-null position,

3.3 Bench Test Equipment Description

3.3.1 Summary, The bench test equipment (BTE) for the RMP has the basic function of
simulating the Nimbus spacecraft interface, and providing means for performing func-
tional and, to some extent, diagnostic tests on the RMP. The test capability provided
by the BTE includes the following:

e Telemetry channel verification and calibration

e Command function verification

23



e Scale factor and bias measurement

e Noise level measurement

¢ Power level measurement

¢ RMP scale factor and bias measurement

e Gyro-loop transient performance

¢ Threshold and hysteresis tests.

The BTE is used, in conjunction with auxiliary equipment, to perform factory
acceptance tests (FAT) and qualification tests on RMP units prior to delivery. 1t is
also used at the spacecraft integration facility to perform bench acceptance tests on

delivered units.

The physical equipment consists of an electronic console with attending cable,
a test table, and an RMP holding fixture and a seli-test plug.

Test points for use by the BTE are provided in connector J4. No connections
are made to J4 by the spacecraft harness. In addition, terminals J1-15, -16 and -35
are intended primarily for the BTE.

In this section a description of the capabilities of the Nimbus RMP bench test
equipment, Sperry Part No, 4310-90535% is provided. This section is divided into the
following sub-sections; mechanical features, electrical specifications, and controls and
terminations of the BTE, The BTE is described, in detail, in the BTE Instruction
Manual Sperry Publication No, CA31-0011, dated November 1967,

3.3.2 Mechanical Features

3.3.2.1 General. The BTE consists of the following major units:

Unit Sperry Part Number
Test console 4310-90535
Interconnecting cable 4310-80218
Test table 4310-90536
Holding fixture (Nimbus B} 4310-90527
Holding fixture (Nimbus D) 4310-90772
Self-test plug 4310-10269
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3.3.2.2 Test Console. The test console, houses all the electrical components and
circuitry. It consists of a standard Emcor frame housing the following removeable
assemblies: ‘

Item P Part Number
Control panel 4310-65318
A-C voltmeter Triolab Model 109-1
D-C voltmeter Triolab Modei 310-2
D-C power supply ' Kepclo PRM 24;5 '

The cabinet measures 24 inches wide, 24 inches deep and 62 inches high,

The control panel provides all the power, control and monitoring inter-
connections to the RMP and contains most of the circuitry associated with these
functions. Rk consists of a 1/8-inch aluminum panel to which is attached a 17- by
12- by 3-inch steel chassis. The five plug-in assemblies associated with the control
pane] are: :

Asgsembly Receptacle Part Number
Clock counter card J48 4310-65272
Clock output card J49 . 4310-65273
Bias supply card J50 4310-65319
Relay K3 J53 P&B PW5LS
40-kHz oscillator J52 Robinson-Halpern F$4002

The console is equipped with four heavy duty casters., The full-length rear

. door can be locked. The drawer at the bottom of the console provides storage for the
interconnecting cable, self-test plug, and holding fixtures. Two 60-Hz power strips,
with ample outlets for low-power auxiliary equipment, are located in the rear of the
console,

3.3.2.3 Test Stand. The test stand consists of a commercial, cast-iron surface plate
resting on a four-legged base via three leveling adjustments. Mounting blocks, attached
to the face of the surface plate, permif an RMP in jts holding fixture to be mounted on
the test stand in a number of attitudes. The test stand is used at the spacecraft integra-
tion facility for bench acceptance testing of newly delivered RMP units and for possible
diagnostic testing, The overall test stand weighs about 300 pounds.

3.3.2.4 Holding Fixtures. The holding fixture for the Nimbus B RMP is a square,

magnesium ring with a 6- by 6~inch opening to receive the RMP., The RMP is secured
to the fixture with six 8-32 machine screws. The fixture, in turn, is attached to the
test stand using three or four 1/2-13 bolts. The Nimbus D RMP holding fixture is a
solid, square, 1/2-inch thick aluminum plate with twelve 8-32 tapped holes for securing
the RMP. It mounts on the fest stand in the same manner as the Nimbus B fixture.
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During factory acceptance testing at Sperry, the RMP is mounted on a pre-
cision, two-axis test table, using the holding fixtures described in the previous para-

graph,

3.3.2.5 Interconnecting Cable, The RMP-to-BTE interconnecting cable is 10 feet long
terminated at the BTE end by a single, 75-pin, Winchester XAC, screwlock connector.
The RMP end terminates in four Cannon D-type connectors. When testing a Nimbus B
RMP, the P3 plug remains unconnected since there is no mating receptacle in that unit.

3.3.2.6 Self-Test Plug, The self-test plug is a 75-pin, Winchester XAC connector with
a circuit board contained within the metal hood, The self-test plug is inserted into
J47 on the contrel panel in place of the interconnecting cable.

3.3.3 Electrical Specifications

3.3.3.1 60-Hz Power Input. The BTE test console requires a single-phase input from
a 3-prong, 60-Hz receptacle as follows:

115 +15 vac at 150 watts* max,
Line voltage changes, in excess of 5 volts from the value at which the test
console was calibrated, may necessitate recalibration, as determined by self-test pro-
cedure,

3.3.3.2 D-C Qutputs. The BTE test console provides the following RMP de excitations:

Function Vo?tgge Max, Load Current Terminal
Inverter power -26.0 £1.0 1 amp J47-37
Relay (heater) power -26.0 £+1.0 2 amps J4T7-40
Telemetry power -26.0 £L0 - 10 ma J47-25
Gyro bias -10.0 £0.5 2 ma J47-18
Gyro bias +10,0 £0.5 2 ma J47-17
Rate test bias N/A +10 ma J47-64

3.3.3.3 Clock Qutputs. The BTE test console provides five, square-wave, clock outputs
with the following characteristics:

-

*Exclusive of any auxiliary equipment
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Min; Load

Frequency No-Load Voltage Swing Impedance (ohms) Terminal
9 kHz -0.10 £0.05 to -5.4 0.3 0 J47-58
400 Hz, 4 A ~1,5 £1.0 to -24.5 1.5 2000 J47-12
400 Hz, ¢ B -1,5 +1,0 to -24.5 £1.5 2000 J47-18
400 Hz, ¢ A -0.3 £0.2 to -5.7 0.3 0 J47-10
400 Hz, ¢B -0.3 £0.2 to ~5.7 0.3 0 Ja7-14

Al clock outputs are phase-locked with respect to each other, and 400-Hz,
phase B outputs lead phase A outputs by 90 +2 degrees. The low-level, 400-Hz outputs
on terminals 10 and 14 are not used by present RMP units.

3.3.3.4 Command Outputs. The BTE test console provides six command channels with

the following characteristics: _
Switch Position

Pulse Width -Pulse Amplitude Command Selector Terminal
70 £5 msec 0 to -26 +1 volts 1  J4%-38
70 +5 msec 0 to -26 1 volts 2 J47-26
70 +5 msec 0 to -26 +1 volts 3 J47-50
70 +5 msec 0 to -26 +1 volis 4 J47-39
70 +5 msec 0 to -26 1 volts 5 J47-34
70 +5 msec 0 to -26 +1 volts 6 J47-62

In addition, the UMBILICAL switch, 84, when depressed, impresses -26 vdc
on terminal J47-8, The AGE-OFF switch, 8§13, when depressed, impresseés -26 vdc
on terminal J47-76 through a 75-chm series resistor,

The command output on terminal J47~62 (position 6) is not used by present
RMP units,

3.3.3.5 A-C Monitor. The Triolab Model 109-1 voltmeter, used in the a-c¢ monitor

circuit, has the following characteristics:

Voltage ranges - 1 mv to 300 volts full scale in 12 ranges

Input impedance

10 megohms, shunted by 100 pf
20 to 80,000 Hz
+2 percent of full scale

Frequency range

Accuracy
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The A-C MONITOR switch, $11, has twelve positions, six of which are
connected to the RMP interface as follows:

Switch Position Terminal
4 J47-66
5 J47-82
6 J47-78
7 J47-60
8 J47-59
9 J47-57

Front panel jacks, J1 (high) and J2 (low), are permanently connected to the
meter input.

3.3.3.6 D-C Monitor. The Triolabh Model 310-2 voltmeter, used in the dc monitor
circuit, has the following characteristics:

Voltage ranges 60 mv to 200 vde full scale in 12 ranges

Input impedance 10 megohms, minimum

Accuracy - +0.,5 percent of full scale, except +1 percent on
60-mv scale

The D-C MONITOR switch, 88, has twelve positions, five of which connect to
the RMP interface as follows:

Switch Posgition Terminal
7 J47-52
8 J47-71
9 J47-17
10 J47-63
11 J47-80

3.3.3.7 Telemetry Monitor. The TELEMETRY OUTPUT meter and associated ampli-
fier have the following characteristics:

Voltage range - 0to -8 vde
Input impedance - 5 megohms connected to a -8 vde source
Accuracy - +50 mv dc
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The TELEMETRY MONITOR switch, S10, has fourteen p051t10ns, thirteen of
which connect to the RMP interface as follows

Switch Position Terminal
1 J47-23
2 J47-29
3 J47-35
4 J47-27
5 J47-41
6 J47-47
7 J47-33
8 J47-39
9 J47-53

10 J47-45
11 J47-51
12 J47-48
13 J47-24

3.3.3.8 Current Monitor. The RMP input current monitor resistor, available across
jacks J10 to J9, has a value of 0.90 ohms +5 percent, when the CURRENT MONITOR

switch, 812, is ON. The resistor is shorted when the CURRENT MONITOR switch is
QFF,

3.3.4 Controls and Terminations

3.3.4.1 Control Functions. A functional description of each of the contrels on the BTE
control panel follows.

Designation Position Function

L

A-C MONITOR 5-kHz clock

400-Hz clock, phase B

400-Hz clock, phase A

Gyro signal generator output
Gyro signal generator excitation
Motor voltage

Motor current

Heater controller preamp output

O =] O o a WD

Gyro preamp output
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Designation Position Function

10 N/C
11 N/C
OFF N/C
TELEMETRY MONITOR - 1 Relay status No, 1 T/M (telemetry)
2 Relay status No. 2 T/M
3 Primary voltage T/M
4 Motor voltage T/M
5 Motor current T/M
6 Gyro sync T/M
7 Heater power T/M
8 Gyro temperature T/M
9 RMP temperature T/M
10 Indicated rate T/M, high resolution
11 Indicated rate T/M, medium resolution
12 Indicated rate T/M, low resolution
13 Spare
OFF N/C
D-C MONITOR 1 RMP input voltage (CURRENT
MONITOR - OFF)
1 RMP input current (CURRENT
MONITOR - ON)
2 -10 vdc gyro bias supply
3 +10 vdc gyro bias supply
4 +3 vdc clock supply
5 +5.1 vdc rate test supply
6 RATE TEST AMPLITUDE
potentiometer output
RMP rate loop output
-12 vde RMP supply T.P. (test point)
+12 vdc RMP supply T.P.
10 Primary voltage T.P.
11 Heater voltage T.P.
OFF N/C
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Designation Posgition Function
Sperry Gyro Kearfott Gyro
COMMAND SELECTOR 1'_ RMP OFF RMP OFF
2 RMP ON RMP ON
Launch mode Lower motor
. voltage
4 Heater ON Heater OFF
Orbit start Motor ON
6 ‘Spare Spare

‘COMMAND PULSE
RMP INPUT - ON Pos.

RMP INPUT --OFF Pos.

RMP ON (lamp)

RMP INPUT - ON (lamp)

RMP INPUT - OFF (lamp)

60-Hz POWER

UMBILICAL

AGE-OFF
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Initiates command pulse to channel

designated on the COMMAND
SELECTOR switch.

Enables -26 vdc to relay interlock
circuit, Subsequent transmission of
RMP OFF command enables -26 vdc
to RMP input terminals.

Removes -26 vde from RMP input

and relay interlock circuit,

Indicates relay K1 in RMP is in
latched state,

Indicates -26 vdc is enabled to RMP
input terminals. If, and only if, both
the RMP ON and the RMP INPUT-ON
lamps are lighted, then the RMP is
energized,

Indicates BTE -26 vdc supply is on,
but is not enabled to the RMP input,

Turns on 60-Hz power to BTE and
power strips in rear on console.
Energizes all BTE power supplies
and meters.

Energizes relay K3 in RMP,
Required for all starts of RMP units -
containing Sperry gas bearing gyro.

Resets relays in RMP to RMP OFF
mode, Exactly duplicates action of
BEMP OFF comimand.



Designation

CURRENT MONITOR - ON Pos.

CURRENT MONITOR - OFF Pos

RATE TEST MODE (-) Pos.

RATE TEST MODE (+) Pos.

RATE TEST MODE OFF Pos.

RATE TEST AMPLITUDE - Pos, 1

RATE TEST AMPLITUDE

=1 & U LD b

OFF
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Function

Enables measurement of RMP input
current on position 1 of the D-C
MONITOR. Permits measurement of
RMP input current at jacks J10 to
J9.

Enables measurement of RMP input
voltage on position 1 of the D-C
MONITOR. Shorts current sampling
resistor across jacks J10 to J9.

Rate test current summation
produces negative change in rate
loop output,

Rate test current summation
produces positive change in rate
loop output.

Disconnects rate test current supply
from gyro rate loop.

Fixed test current 10ma

Fixed test current 7.5 ma

Fixed test current 5.0 ma

Fixed test current 2.5 ma

Variable test current 1 ma/volt

Variable test current 0.1 ma/volt

Variable test current 10 microamp/
volt

Variable test current 1 microamp/
volt

Zero test current

Provides variable rate test current
when the RATE TEST AMPLITUDE
switch is set to positions 5, 6, 7, or 8,
with scaling as indicated. Potentiometer
output voltage is indicated at posgition 6
on the D-C MONITOR



" Designation

RATE LOOP MODE - NIM D

RATE LOOP MODE - NIM B

RATE LOOP MODE - OPEN LOOP

Function

Connects positions 2 and 3 of the A-C
MONITOR to low-level, 400-Hz clock
outputs.

Connects positions 2 and 3 of the A-C
MONITOR to the high-level, 400-Hz
clock outputs,

Same as NIM B position; plus shorts
output of rate loop amplifier in the
RMP,

3.3.4.2 Jack and Receptacle Functions, Table 5 lists all GR plug jacks and other

receptacles and designates the function of each. The jacks are provided to permit
auxiliary monitoring equipment to be connected to the BTE test conscle during RMP
testing, For instance, during RMP qualification testing, it is necessary to simultane-

ously record a number of the telemetry outputs.

All jacks are permanently connected

to the functions indicated independent of switch positions, except that J10 is shorted to

J9 when the CURRENT MONITOR switch is OFF.

3.3.4.3 Terminal Strip Functions, The function assigned to each external termmal

strip location is listed below:

TB1-1
TB1-2
TR1-3
TB1-4
TB1-5

TB1-6
TB3-1
TB3-2
TB3-3
TB3-4
TB3-5
TB3-6
 TB4-1
TB4-2
TB4-3
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Function -
26 vdc power supply input (+)
26 vde power supply input (-}
N/C '
Jumper to TB1-5

Auxiliary power supply (-), or jumper
to TB1-4

Auxiliary power supply {+)

60-Hz power input

60-Hz power input

House ground; jumper to TB3-4
Power strip ground; jumper to TB3-3
60-Hz power output to power strips
60-Hz power output to power strips
D-C meter input {(+)

D-C meter input {-)

Shield ground



Designation

TB4-4
TB4-5
TB4-6

Funetion

A-C meter input, high

A-C meter input, low

Shield ground

Table 5. BTE Test Console Jack and Receptacle Functions

Designation  Color Function Designation Color Function
J1 Red AC meter Hi J21 Blk  Signalground - 2
J2 Blk AC meter Lo J22 Red  Gyro preamplifier
J3 Red DC meter + output T.P.
74 Bk DC meter - J23 Red +12 vdc T.P.
J5 Red  Gyro torquer T.P. J24 Bl Signal ground - 2
76 Bik Signal ground -1 J25 Red -12 vde T.P.
JT Red Command pulse J26 Red ¥(§0r current
Ja Red Rate loop output 727 Blk T/M ground
J9 Blk Signal ground - 1 J28 Red  Motor voltage
J10 Blk Input current T.P.
(P.G.) J29 Red  Motor voltage
J11 Red 5-kHz clock T/M
J12 Blk Signal ground - 1 J30 Blk T/M ground
J13 Red Heater voltage J31 Red  Relay status
T.P. T/M No. 1
J14 Red Heater controller J32 Red  Motor current
demodulator T/M
T.P. 333 Blk  T/M ground
J15 Red Heater common 734 Red Relay status
J16 Red Heater controller T/M No. 2
g‘r;amphher J35 Red Gyro sync T/M
J17 Red  Gyro pickoff J36 Blk T/M ground
excitation T.P. J37 Red Primary voltage
718 Blk  Signal ground - 2 T/M
. J38 Red  Gyro tempera-
J19 Red ngl)mary voltage ture T/M
J20 Red Gyro pickoff output| J39 Blk T/M ground
T.P, J40 Red Package
Temperature
T/M
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Table 5. BTE Test Console Jack and Receptacle Functions (Cont.)

Degignation Color Function Designation Function
J41 Red Heater power J47 RMP/BTE
/M connector
J42 Blk T/M ground J48 Clock counter
343 Red  Rate T/M - card
medium J49 Clock output
resolution card
J44 Red Rate T/M - J50 Bias supply
high resolution card
- J45 Blk T/M ground J52 Oscillator
J46 Red Rate T/M - low J53 Relay K3
' resolution
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4.0 DELIVERABLE ITEMS

The Nimbus D RMP program, Contract NAS 5-103%1, had been modified to

- either delete or add workscope. All gyros were supplied to this program as Govern-
ment Furnished Equipment (GFE). A list of contractually deliverable items is given
below. All items have been delivered and accepted by NASA/GSFC. DD 250 documents
exist for each of the items as listed.

Contract Item Desecription DD 250

1 Prototype RMP S/N 5 2/16/68 - 12069

2 Flight RMP S/N 6 8/19/69 - 25206

3 Bench Test Equipment S/N 3 6/16/67 - 2690

4 Flight RMP S/N 7 2/1/69 - 24024

5 Spares 6 pc boards 4/22/71 - 2613
RMP Instruction Manual 4/16/706 - 35846
BTE Instruction Manual 6/16/67 - 2690

Final Engineering Report
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5.0 PROGRAM ACCOMPLISHMENTS

3.1 Background, This section presents technical milestones achieved under this con-
fract. Emphasis is placed on the work associated with development of an advanced -
Long Life Rate Measuring Package including integration of the Kearfott ball bearing
gyro. A description of the bench test equipment fabricated under this contract is aiso
included.

5.2 Summary

9.2.1 Procurement and Fabrication. Following procedures established in the Nim-
bus B RMP program, electrical subassemblies were purchased from Spaco, Inc. of
Huntsville, Alabama, and later from Twintech Electronics of Fayetteville, Tennessee
{a company established by former Spaco personnel when Spaco stopped manufacturing
printed circuit assemblies).

Electrical components {either ER types or those screened by Sperry) were
supplied to the vendor along with wire, certain critical hardware items, and the art-
work masters and assembly drawing for the printed circuit cards. The vendor per-
formed all assembly operations and continuity and resistance checks. After passing
inspection by a DCAS inspector, the units were shipped to Sperry where they were
again inspected, functionally tested, and finally, conformally coated. '

A summary of the various subassembly procurements is given below. Note
that set S/N 4 was purchased as part of the Nimbus B RMP program. In addition, a
summary of the parts screening program at Sperry is included in Appendix IL,

5.2.2 Gyro Procurement. Four Kearfott Alpha II gyros were purchased on the Nim-
bus B RMP program and then "GFE'd" to the Nimbus D program. The gyros ($/N 1
through S/N 4) were purchased to Sperry drawing 1200941 and purchase specification
P1581854 included in Appendix I. (See section 3.2 for a technical discussion of the

gyro. )

An additional Alpha I gyro (S/N R-87) was "GFE'd" to Sperry for use in the
engineering model RMP EMOQI. This gyro had been purchased for the RAGS program
several years previously.

Table 6 summarizes the Kearfott final test data on the four purchased gyros.
Upon delivery to Sperry, each of the gyros was subjected to a factory acceptance test
and then installed in one of the RMP's, Gyros §/N 1, 3, and 4 were ultimately
delivered in RMP's to NASA. Gyro S/N 2 experienced a float stiction malfunction dur-
ing RMP final acceptance test and was returned to Kearfott for rebuild as /N 2A.
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Subassembly Procurement Summary

S/N M.I Date Del’'y Date Vendor Comments
4 9/1/66 12/27/66 Spaco Complete Gas Bearing Set -
5 and 6 6/20/67 11/17/67 Spaco Complete Gas Bearing Set
5 and 6 7/11/67 11/17/67 Spaco Ball Bearing Relay Cards
Only
7 3/7/68 6/18/68 Spaco Complete Ball Bearing Set
6A 2/6/69 6/17/69 Twintech Ball Bearing P/C Cards

Only. Harness, Inverter,
and RFI Assembly
Fabricated at Sperry

A complete set of sub-assemblies included the following items:

Nomenclature Part No.

Rate Loop Electronics Card 4216-867676

Power Conditioning Card 4216-87677

Heater Controller Card 4216-6'1678

Telemetry Signal Conditioning Card 4216-67679

Relay Card A 4216-67680 (Gas Bearing} or
4310-90848 (Ball Bearing)

Relay Card B 4216-67681 (Gas Bearing) or
4310-90841 (Ball Bearing)

Inverter Subassembly 4310-90633

RMP Cable Harness 4216-90958

RFI1 Assembly 4310-90627
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Below is 2 summary of the wheel operating hours for each of the four gyros
for each level of test,

Gyro Serial No. 1. 2 3 4 2A
Kearfott test 465 500 621 615 517
Sperry gyro test 187 ~200 392 208 206
Sperry RMP test 485 ~350 919 340 -
Total hours at delivery 1137 - 1832 1163 . -

All of the gyros ultimately malfunctioned, most with only a few thousand hours
of operation. The longest-lived unit was gyro S/N 4 which survived one year in orbit
aboard Nimbus 4, with just under 10, 000 hours of total wheel operation when rotation
apparently ceased. The first indications of bearing deterioration were noted with about
6200 hours of accumulated wheel operation, Table 7 briefly summarizes the history of
the four purchased gyros,

A second RAGS gyro, S/N R-6, was "GFE'd" to Sperry late in the program to
replace gyro /N R-87, in the engineering model RMP, EMO1. Gyro /N R-87 was
used to replace gyro 8/N 1 which had experienced bearing degradation in the prototype
RMP, PRO2, while at General Electric.

5.2.3 Final Assembly and Test. After the subassemblies and gyros had passed indi-

vidual functional and acceptance tests, they were installed in the RMP's and factory
acceptance tests were started. Table 8 summarizes the utilization of each of the sub-
assemblies and gyros.

Factory acceptance tests were conducted in Sperry's gyro evaluation lab which
is an environmentally controlled facility with multiple test stations located on concrete
pedestals, anchored in virgin soil, free from the building structure. A list of the
equipment utilized in these tests is given in the factory acceptance test procedure,
T4310-10678,

Vibration testing was conducted at Goddard Space Flight Center, while the
thermal-vacuum testing was, in general, conducted at Sperry's environmental
laboratory.

The test program experienced relatively few problems. This is a result of
the conservative electrical and mechanical design of the RMP. Only four malfunctions
occurred in the two flight units while undergoing testing at Sperry and one of these
was due to gyro float stiction. Table 9 summarizes the malfunction experience on the
Nimbus D program,
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Table 7. Kearfott Gyro Summary

Unit
No.

Received
by
Sperry

Total

Operating
Hours

Malfunction
and Date

Remarks

2A

10/22/67

12/28/67

2/14/68

2/14/68

10/21/69

1250

1050

2330

9923

1152

Erratic behavior
both gyro drift
and wheel run-
down - 3/5/69

Hysteresis failure
(float stiction) -
5/21/68

Mass unbalance
and low speed

run-down out of
spec - 2/16/71

Wheel stalled -
4/8/71

Yozzle test fail-
ure - 3/27/71

Erratic behavior veri-
fied by Kearfott. Unit
disassembled 4/17/69.
Results - lubricant
breakdown - bearing
fajlure,

Noted during accept-
ance test at Sperry,
Float stiction verified
by Kearfott., Unit
disassembled.

"Out-of-spec” verified
at Kearfott. Teardown
revealed lubricant
breakdown.

Unit in orbit one (1)
year; first indication
of malfunction

Nov. 1970 (6200 hours).

Indication of bubble or
whisker, Noted during
post-vibration test at
Sperry. Unit not
presently considered
flightworthy.

5.3 RMP Accomplishments,

5.3.1 Engineering Unit, EM01, Sperry /N 4, The Nimbus D engineering model RMP

(the fourth unit built by Sperry) was constructed as part of the Nimbus B program, As
the "D" castings were not yet available, and since the unit would not experience vibra-
tion test, it was constructed using aluminum plates screwed and cemented together.

As this was the first unit to employ the Alpha II gyro (S/N R-87), the existing S/N 4 sub-
assembly set had to be modified. This consisted of fabricating the new relay cards and
heater controller card using hard-wired,41-pin vector cards, and adding the necessary

additional wires to the S/N 4 harness.
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Table 8. Gyro and Subassembly Utilization in Nimbus D RMP's

RMP §/N —  EMO1 PRO2 FTO03 FT04
Sperry S/N —=  §/N 4 8/N 5 8/N 6 S/N 7
Gyro R-87 - Later 8/N 1-Gyro S/N2-Gyro S/N 4
replaced by experienced failed hystere-
gyro R-6 when  lubrication 8is during final
gyro R-87 was  failure at RMP accept-
installed in G.E. Re- ance test, Re-
RMP S/N 5, placed with placed with
gyro R-87 gyro 8/N 3.
from RMP
S/N 4.
Subassemblies S/N 4 - Except S/N 5 8/N 6 - Later S/N T
heater control- replaced by
ler and relay S/N 6A subas~
cards were semblies dur-
hand wired ing connector
versions for plating change.
Kearfott gyro
retrofit.

Table 9. Malfunction Experience

Date Unit Description

8/28/67 RMP EMO1, S/N 4 Wire in RMP harness broke during random
. vibration at GSFC resulting in application of
800 Hz to the spin motor of gyro R-87
causing loss of wheel speed. Examination
revealed wire (one added as result of retro-
fit) had insufficient relief. Wire replaced,
and vibration test completed successfully,

4/22/68 RMP FT03, S/N 6 Microcircuit @402 on the T/M signal condi-
tioning card exhibited abnormal operation
during RMP pre-FAT tests. The device was
replaced and the failed unit sent to GSFC for
failure analysis. The conclusion was that
imperfections in the silicon chip may have
caused malfunction,

5/21/68 RMP FT03, S/N 6 The RMP failed hysteresis test during final
acceptance test due to stiction in gyro S/N 2.
Gyro S/N 2 was removed and replaced with
gyro S/N 3. Stiction confirmed at Kearfott.
Unit torn down and rebuilt as gyro S/N 2A.
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Table 9. Malfunction Experience (Cont.)

Date Unit Description

1/15/69 RMP FTO04, S/N 7 High clock voltage reading during initial
FAT of RMP FT04 was caused by open
diode CR222 on the power conditioning
card. The diode was destroyed during
removal so failure mechanism could not be
determined. Replaced with new diode.

1/23/69 RMP FT04, S/N 7 Absence of -12 vdc test point output during
post-vibration FAT caused by broken lead
in harness. Presumed break occurred
during vibration due to insufficient slack in
lead. An additional length of wire was
spliced to lead and resoldered.

3/5/69 RMP PR02, S/N 5 During special tests at G.E., 30-0 Hz run-
down test of gyro 8/N 1 measured 24 sec-
onds. Gyro had previously exhibited large
shifts in output. The gyro was removed on
3/20/69 and replaced by gyro S/N R-87,
Teardown of gyro S/N 1 at Kearfott on
4/17/69 revealed lubrication failure of spin
bearing,

The unit was successfully tested and delivered to NASA for integration tests.
After four months, the unit was returned to Sperry for refurbishment to prototype level
so that vibration and thermal-vacuum testing could be performed. The refurbishment
consisted of removing the entire S/N 4 subassembly set, including harness, from the
original 8/N 4 box, and reinstalling them in a regular, machined, Nimbus D RMP
casting. In addition, the three hard-wired vector cards had to be ruggedized, a thermal
ground plane added to the heater card, and all subassemblies conformally coated. The

refurbished unit successfully passed vibration and thermal-vacuum tests, and was
redelivered to NASA.

When gyro $/N 1 ultimately failed in RMP PR02, gyro R-87 was removed from
EMO1, to replace S/N 1 in PR02. A second RAGS gyro, S/N R-6, was "GFE'd" to
Sperry for installation in EMO1.

Table 10 lists significant milestones in the history of RMP EMO1.

3. 3.2 Prototype Unit PR02, Sperry S/N 5. The fifth and sixth RMP's fabricated by
Sperry originally were to have been the two flight model Nimbus D RMP's, incorporating
SYG-4200 gas bearing gyros. With the decision to "fly" the Kearfott Alpha IT gyro on
Nimbus D, it was required that a qualification unit be fabricated to undergo prototype-
level vibration and thermal-vacuum tests, as well as acceleration and humidity tests.
Thus, RMP S/N 5 became PR02, rather than FTO02.
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Table 10, Milestone Summary, RMP EM01

Milestone _ Date
Gyro S/N R-87 délivered to Sperry . 3/2/67
Gyro S/N R-87 completed gyro test 4/4/87
PI:e—FAT of RMP.S/N 4 completed . 4/10/67
Gyro S/N R-87 installed in RMP S/N 4 4/13/67
Complete acceptance tests at Sperry . 4/25/67
Delivery to NASA-GSFC . 4/26/67
Integration tests at GSFC 6/26/67
Returned to Sperry for refurbishment to prototype l-evel 8/16/67
Pre-FAT of refurbished RMP S/N 4 8/22/67
Gyro S/N R-87 reinstalled N 8/23/67
Complete prototype vibration at GSFC : 8/28/617
Complete abbreviated thermal-vacuum at GSFC 8/30/67
Returned to Sperry for Spemal tests in conjunction with RMP PR02 3/11/69
gyro S/N R-87 removed
Gyro /N R-6 delivered to Sperry 4/4/69
Gyro 8/N R-6 completed gyro test 4/8/69
Gyro /N R-6 installed in RMP S/N 4 4/8/69
Complete acceptance tests at Sperry 4/16/69
RMP S/N 4 delivered to GSFC | 4/30/69

The fabrication and test of RMP PR02 was identical to the flight units to follow,
with the exception of the more severe environmental test levels and addition of accelera-
tion and humidity tests. All test results before and after all environmental tests were
satisfactory. A change in gyro bias of 0, 16°/hr was noted after vibration. The origin
of the change was thought to be due to the magnetic fields from the shaker. The final
bias of the RMP during acceptance test was 0. 11°/hr which was acceptable.

Presented below, in summary form, are the results of the tests performed on
RMP PR0O2. Actual performance data is referenced by page to the RMP Log Book.

47



e Factory Acceptance Test Nimbus D RMP per T/Spec #4310-10678A. Per-
formance data acceptable. See pages 6 through 17 in Log. Test period
12/7/67 to 12/26/617.

e Humidity Test per T/Spec #4310-10841A, Functional data after test accept-
able. See pages 17 through 18 in Log. Test period 12/26/67 to 12/27/67.

e Acceleration Test per T/Spec #4310-10677A, Functional data after test
acceptable. See page 19 in Log, Test date 12/27/67.

e Factory Acceptance Test per T/Spec #4310-10841A, paragraphs 7.9 through
7.13, Performance data acceptable. See pages 20 and 21 in Log. Test
period 12/28/67 to 12/29/617.

e Vibration Testing per T/Spec #4310-10680, Functional data after test indi-
cated a slight change in gyro bias. See pages 21 and 22 in Log. Test date
1/3/68.

e Factory Acceptance Test per T/Spec #4310-10841A, paragraphs 7.9 through
7.13, Performance data indicates an absolute bias of 0. 16°/hr, which was a
change in bias of 0, 16°/hr due to the vibration test sequence. All other per-
formance parameters were acceptable, See pages 23 through 26 in Log.

Test period 1/4/68 to 1/8/68. Unit readied for thermal-vacuum tests at
GSFC.

e Thermal-Vacuum Test per T/Spec #4310-10679A. Functional data after test
indicated a slight change in gyro bias and wheel run down. BSee pages 26
through 33 in Log. Test period 1/9/68 to 1/22/68, Test conducted at GSFC,
An analysis of the heat losses of the RMP during thermal-vacuum tests was
made to corroberate the gyro-to-case thermal impedance which controls the
total input power to the RMP in orbit. Based on Nimbus B data, it was
determined that a nominal gyro-to-case thermal impedance of 14°F/watt
was required, such that the input power to the RMP during orbit would be a
nominal 8 watts at a spacecraft temperature of 25°C,

The analysis indicated, allowing for the radiation heat loss peculiar to that
chamber, the thermal impedance was 12°F/watt. This meant that the RMP total input
power in orbit would be 9.3 watts at a spacecraft temperature of 25°C. The analysis is
included in Appendix III,

e Factory Acceptance Test per T/Spec #4310-10841A, paragraphs 7.9
through 7. 13, Performance data indicated an absolute bias of 0.12°/hr,
which is a reduction in the bias witnessed after vibration of 0.04°/hr. This
bias level was acceptable. Wheel rundown time reduced slightly but within
tolerance. All other performance parameters were acceptable, See
pages 34 and 35 in Log. Test period 1/23/68 to 1/24/68.

After successful completion of the final acceptance test at Sperry, RMP PR02
was delivered to G. E. for integration into the prototype Nimbus D ACS,

Several special tests of RMP PR02 were conducted at G, E, with regard to

noise problems noted in the prototype ACS. One source of output spikes was caused by
physical motion of the ACS induced by rotation of the solar array drives,
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In the early part of 1969, RMP PRO02 started to display output level shifts up to
0.5 deg/hr and degradation in the 30-0 Hz wheel run down times, The unit was returned
to Sperry in March 1969 where the degradation was confirmed, Gyro S/N 1 was
removed and returned to Kearfott, where a teardown revealed lubrication failure in one
wheel bearing.

Gyro S/N R-87 was removed from RMP EM01, installed in RMP PR02, and
returned to G. E,

Table 11 lists significant milestones in the history of PR02, while table 12
lists the wheel run down history of Kearfott gyro §/N 1.

Table 11, Milestone Summary, RMP PR(2

Milestone ~ Date
Gyro S/N 1 delivered to Sperry 10/22/67
Gyro 8/N 1 completed gyro test 12/ 1/67I
Pre-FAT of RMP S/N 5 completed 12/7/67
Gyro S/N 1 installed | 12/11/67
Complete FAT of RMP S/N 5 12/20/67
Complete humidity and acceleration tests at Sperry _ 12/27/67
Vibration test of RMP S/N 5 at Sperry 1/3/68
Complete thermal-vacuum tests at GSFC | 1/22/68
Complete acceptance test at Sperry 2/15/68
Acceptance test at G, E. 2/23/68
Special tests at G.E. 5/10/68
Special tests at G.E. | 10/30/68
Special tests at G, E, 3/5/6%
Special tests at Sperry 3/10/69
Remove gyro 5/N1,  install gyro R-87 . 3/20/69
Deliver RMP /N 5 to G.E. | | 3/24/69
Special tests at G. E, : 5/27/69
Special tests at Sperry 8/12/70
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Table 12. Gyro Wheel Rundown Summary, Kearfott Gyro S/N 1

Rundown Times

Comments
Date Total 30-0 Hz

10/14/67 - 56 sec Kearfott acceptance data
12/13/67 4m-20 sec - Start RMP S/N 5 FAT
12/15/67 4m-35 sec -
12/18/617 4m-20 sec -
12/20/67 4m-30 sec - Complete initial FAT
12/27/67 4m-45 sec - Complete humidity test
12/28/67 4m-30 sec -
12/29/67 4m-40 sec -
1/3/68 4m-12 sec - Z-axis vibration
1/3/68 4m-45 sec - X-axis vibration
1/3/68 4m-35 sec - Y-axis vibration
1/4/68 41-40 sec -
1/8/68 4m-20 sec -
1/8/68 4m-12 sec -
1/9/68 - Start thermal-vacuum test
1/22/68 3m-5 sec - Complete thermal-vacuum test
1/24/68 3m-42 sec -
1/24/68 3m-50 sec 42 sec Complete final FAT
2/15/68 3m-30 sec - Acceptance test at Sperry
2/15/68 3m-23 sec - " Acceptance test at Sperry (heater off)
2/23/68 3m-11 sec - Acceptance test at GE/VFSTC
2/23/68 3m-29 sec - Acceptance test at GE/VFSTC
5/10/68 3m-23 sec 36 sec Special test at GE/VFSTC
10/30/68 ‘ 3m-53 sec 46 sec Special test at GE/VFSTC
10/30/68 3m-40 sec 44 sec Special test at GE/VFSTC
10/30/68 3m-45 sec 49 sec Special test at GE/VFSTC
3/5/69 2m-38 sec 24 sec Special tests at GE/VFSTC
3/5/69 2m-28 sec 16 sec Special tests at GE/VFSTC
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Table 12, Gyro Whee! Rundown Summary, Kearfott Gyro S/N 1 (Cont.)

Rundown Times
Comments
Date Total 30-0 Hz
3/10/69 2m-43 sec 27 sec Tests at Sperry
3/10/69 2m-41 sec 27 sec Tests at Sperry _
3/11/69 2m-47 sec 27 sec Tests at Sperry in RMP S/N 4
3/14/69 2m-25 sec 35 sec Tests at Sperry
3/20/69 - - Gyro S8/N 1 removed from RMP §/N 5

5.3.3 Flight Unit FT03, Sperry S/N 6. RMP FTO03 had a lengthy history starting in
April of 1968. The unit was originally assembled with Kearfott gyro /N 2. Except for
a microcircuit malfunction noted during preliminary factory acceptance tests (FAT), the
unit satisfactorily completed all FAT and environmental tests, During final acceptance
testing on 5/21/68, the unit failed to pass the hysteresis test with an indication of gyro
output axis stiction, Gyro S/N 2 was subsequently removed, torn down, and rebuilt as
gyro S/N 24.

Kearfott gyro S/N 3 was installed on 6/21/68 and RMP FT03 satisfactorily
completed a repeat of all FAT and environmental tests and was available for final
acceptance tests on 7/17/68. A soldering problem (noted at GSFC) voided this package
and it was subsequently stripped of its harness and electronics subassemblies, these to
be used as spares (RMP S/N 4B).

A new harness and electronic subassemblies (S/N 8A) were fabricated and
assembled into the S/N 6 structure bringing about the latest test cycle. '

Presented below, in summary form, are the results of the FAT and environ-
mental tests performed on RMP FT03 (S/N 6).

All environmental and FAT tests with Kearfott gyro S/N 2 were satisfactory.
The test period was 5/2/68 to 5/17/68. The gyro failed on 5/21/68 in final acceptance
test, See pages 1 through 44 in Log #1,

e Factory Acceptance Test Nimbus D RMP per T/Spec #4310-10678A. Gyro
S/N 2 removed from RMP for malfunction analysis on 5/22/68., Gyro S/N 3
installed and factory acceptance test resumed on 6/24/68, Performance
data acceptable. Performance data indicated an absolute bias of 0. 066°/hr.
See pages 44 (Log #1) to 1 (Log #2). Test period 6/24/68 to 6/27/68. Unit
readied for vibration test at GSFC.

e Vibration Testing per T/Spec #4310-10680. Functional data after tests
acceptable. Slight temporary changes in bias and wheel rundown were
detected during tests. See pages 2 and 3 in Log #2. Vibration input curves
retained at GSFC. Test date 7/1/68.
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Factory Acceptance per T/Spec #4310-10841A, paragraphs 7.7 through
7.13, 7.15, and 7.17. Performance data acceptable. Performance data
indicated an absolute bias of 0. 086°/hr which was a change of 0., 02°/hr dur-
ing the vibration test sequence, See pages 4 through 6 in Log #2. Test
period 7/2/68 to 7/3/68.

Thermal Vacuum Test per T/Spec #4310-10679A. Functional data after test
acceptable. See pages 6 through 15 in Log #2. Test period 7/3/68 to 7/14/68,

Factory Acceptance Test per T/Spec #4310-10841A, paragraphs 7.7 through
7.13, 7.15, and 7. 17. Performance data acceptable. Performance data
indicated an absolute bias of 0, 058°/hr which was a change of 0, 03°/hr dur-
ing the thermal vacuum test sequence. Rundown time varied slightly but
within tolerance. See pages 16 through 19 in Log #2. Test period 7/15/68
to 7/17/68.

Following the refurbishment of RMP FT03 with the S/N 6A subassemblies, the
following test summary was recorded.

FAT commenced on 6/26/69 and was completed 7/1/69 (Log #2, pages 29
through 38). All test results were satisfactory with no anomalies noted. Of
particular interest is the fact that no gyro bias trim adjustment was
required, after a full year of storage. The bias of 7/17/68 (Log #2,

page 18) was +1.65 mv. The bias on 6/27/69 (Log #2, page 32) was

+3.18 mv, a change of only 1.53 mv, or 0.053 deg/hr.

Vibration tests were conducted at GSFC on 7/15/69 (Log #2, pages 39
through 42). The gyro simulator was substituted for Kearfott gyro S/N 3
during the X and Y-axes sine and random runs and the Z-axis sine run,
Gyro S/N 3 was reinstalled for the Z-axis random run, This was done to
avoid excessive accumulated vibration time on gyro S/N 3 which had
experienced a complete flight level vibration test on 7/1/68. The test was
satisfactory,

Post-vibration FAT was conducted on 7/16/69 to 7/17/69 (Log #2, pages 42
to 45). The raw bias value was +3. 10 mv, a decrease of 0.08 mv, or
0, 003 deg/hr from the value prior to vibration,

Thermal-vacuum testing of RMS S/N 6 commenced on 7/18/69 and was com-
pleted on 8/5/69 (Log #2, page 45 to Log #3, page 4). The test was con-
ducted in one of the small, vertical chambers at GSFC. Vibration inputs to
this chamber were quite high, making the cutput recording of rather poor
quality. A simple R-C filter was employed at the Brush recorder input to
reduce the noise band on the output trace., Several BTE shut-downs
occurred as a result of mementary power interruptions at the T & E build-
ing, but overall results were satisfactory.

Post T-V FAT was conducted from 8/6/69 to 8/11/69 (Log #3, pages 5
through 9). The final raw bias value was +3. 32 mv, an increase of 0. 14 mv,
or 0. 005 deg/hr from the original value on 6/27/69. Correcting for the
BTE error, this represents a final true bias of +1.41 mv, or +0, 049 deg/hr.
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- Table 13 lists all the gyro S/N 3 rundown times obtained during RMP FT03
test including those conducted in 1968. There did not appear to be any degradation in
the times listed.

_ Total gyro operating time as of 8/11/69 was 1305 hours, not including time
accumulated at Kearfott prior to delivery to Sperry.

Stability runs of this unit in a spin-axis horizontal, output-axis parallel to
earth’'s axis attitude typically showed occasional unidirectional output transients of
0.2 deg/hr and 30-second duration., Since the transients did not occur in the 0A vertical
attitude, they were believed to be due to temporary shifts in the wheel position along the
spin axis. The magnitude of the transient was well within both Kearfott and Sperry per-
formance specifications for this gyro, and should not have caused problems to the ACS.
This behavior was noted in other gyros on the Nimbus D RMP program and was not
considered abnormal for a ball-bearing type gyro.

As this gyro had an unusual amount of operating time before final delivery, it
was of interest to plot the mass balance coefficients of the gyro as a function of wheel
operating time. The results (figure 5), showed a change in the character of MUSA
after the 800-hour point.

Table 14 lists significant milestones in the long history of RMP FTO3.

5.3.4 Flight Unit FT04, Sperry S/N 7. RMP FT04 was the last unit fabricated on the
Nimbus D RMP program. Because of the timing of the solder problem experienced at
GSFC which allowed the appropriate changes to be incorporated in the original build of
this unit, RMP FT04 was delivered ahead of FT03 and became the unit to actually "fly"

on Nlmbus 4,

Rather than_rdescribe here the effort involved in making the connector changes
to FT03 and FT04, the program planfor these tasks is reproduced in Appendix VI.

Fabrication and test of RMP FT04 were normal with the exception of two minor
malfunctions. As one of these involved a broken harness lead during vibration, the
documentation covering the occurrence and repair are included in Appendix VII.

Presented below (in summary form) are the resulfs of the tests performed on
RMP FT04. Actual performance data is referenced by page to the RMP Log book.

e TFAT per #4310-10678C Testing Began on 1/15/69, Noted out-of-tolerance
readings on 1/15/69 (page 8, Log book). Analysis of low gyro temperature
conditions indicated incorrect resistor on gyro normalization assembly.
Resistor replaced on 1/16/69. Analysis of out-of-tolerance reading on
400-Hz, phase A clock input (page 9 of Log book} indicated.a diode failure on
the power conditioning card. The diode was replaced on 1/17/69. Testing
resumed on 1/18/69, Performance data acceptable and indicated on abso-
lute bias of 0.013°/hr. See pages 5 through 21 in Log book, Test com-
pleted 1/22/69, '
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Table 13. Gyro Wheel Rundown Summary, Kearfott Gyro S/N 3

Date Total 30-0 Hz Test
2/6/68 - 64. 4 sec Kearfott Test*
6/24/68 5m-10 sec 47 sec FAT
6/26/68 5m-00 sec 52 sec FAT
6/26/68 4m-5T7 sec - FAT
6/27/68 4m-58 sec 48 sec FAT
7/1/68 4m-46 sec - Vibration at GSFC
7/1/68 4m-25 sec - Vibration at GSFC
7/1/68 4m-20 sec - Vibration at GSFC
7/2/68 4m-57 sec 51 sec ReFAT after vibration
7/3/68 4m-58 sec -
7/3/68 4m-52 sec - T-V at Sperry
7/14/68 4m-55 sec - End T-V
7/16/68 5m-05 sec 55 sec ReFAT after T-V
7/17/68 4m-30 sec 66.5 sec ReFAT after T-V
6/26/69 5m-35 sec 59 sec FAT
6/27/69 4m-16 sec 55 sec FAT
7/1/69 5m-25 sec 56,7 sec FAT
7/15/69 4m-40 sec - Vibration at GSFC
7/16/69 4m-57 sec 50 sec ReFAT after vibration
7/17/69 5m-10 sec 55 sec ReFAT after vibration
7/18/69 5m-15 sec - T-V at GSFC
8/5/69 4m-45 sec - End T-V
8/7/69 5m-00 sec 54 sec ReFAT after T-V
8/11/69 5m-05 sec 46 sec ReFAT after T-V
11/5/69 5m-01 sec - Acceptance at GSFC
11/5/69 5m-25 sec 54 sec Acceptance at GSFC
6/19/70 5m-07 sec - Acceptance at G.E.
6/19/70 5m-18 sec - Acceptance at G, E,
6/19/70 4m-54 sec - Acceptance at G, E,

*Phase shift capacitor removed.
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Table 14, Milestone Summary, RMP FTO03

Milestone Date
Gyro 8/N 2 delivered to Sperry 12/28/67
Gyro S/N 2 completed gyro test 2/7/68
Gyro S/N 3 delivered to Sperry 2/14/68
Gyro S/N 3 completed gyro test 4/18/68
Pre-FAT of RMP S/N 6 4/22/68
Gyro S/N 2 installed 4/24/68
Complete FAT of RMP S/N 6 4/30/68
Vibration at GSFC 5/2/68
Complete thermal-vacuum test at Sperry 5/16/68
Acceptance test - gyro S/N 2 malfunction 5/21/68
Remove gyro S/N 2 from RMP S/N 6 5/22/68
Gyro S/N 3 installed in RMP S/N 6 6/21/68
Complete FAT of RMP S/N 6 6/27/68
Vibration at GSFC 7/1/68
Complete thermal-vacuum test at Sperry 7/14/68
Gyro S/N 3 removed for resoldering of connector 12/26/68
RMP S/N 6 disassembled and reassembled using the S/N 6A
subassemblies
Pre-FAT of RMP S/N 6 8/25/69 -
Gyro S/N 3 reinstalled in RMP S8/N 6 6/26/69
Complete FAT of RMP S/N 6 7/1/69
Vibration at GSFC 7/15/69
Complete thermal-vacuum test at GSFC 8/5/69
Final acceptance test at GSFC 11/5/69
Special test at Sperry 11/7/69
Delivery to G. E. 4/6/70
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e Vibration Test per T/Spec #4310-10680. Functional data after tests
acceptable. See pages 22 and 23 in Log book., Vibration input curves
retained at GSFC. Test date 1/23/69.

# Factory Acceptance Test per T/Spec #4310-10678C, paragraphs 7.7
7.13, 7.15, and 7.17. Testing began on 1/24/69. Noted out-of-tolerance
reading on the -12 vdc RMP supply (page 25 of Log book). Analysis- indi-

. cated broken wire in harness. Since the break did not affect RMP opera-
tion, testing was continued and was completed on 1/24/69. Performance
data was acceptable, and indicated an absolute bias of 0.016°/hr. The
broken lead was repaired on 1/27/69, as described in CNAP #80 contained
in Appendix VII. See pages 24 through 28 in the Log book,

e Thermal-Vacuum Test per T/Spec #4310-10679A. Functional data after
test acceptable. See pages 28 through 34 in Log book, Test period
1/28/69 to 2/6/69.

e Factory Acceptance Test per T/Spec #4310-10678C, paragraphs 7.7
through 7.13, 7.15, and 7.17, Performance data acceptable. Performance
data indicated an absolute bias of 0. 023°/hr which was a change of 0. 039°/hr
during the thermal-vacuum test sequence. See pages 35 through 39 in Log
‘book. Test period 2/6/69 to 2/7/69.

Gyro S/N 4 performed well throughout the test phases at Sperry. The wheel
rundown summary, presented in table 15 may have indicated a slight downward trend
in the total times. This unit eventually experienced apparent wheel seizure while in
orbit after nearly 10, 000 hours of operation.

Table 16 lists significant milestones in the history of RMP FT04.

5.4 Integration of the Kearfott Ball Bearing Gyro

5.4.1 Background. In June 1966, during formulation of the FY'67 Nimbus program, a

task was included to study the possibility of retrofitting the Kearfott Alpha 2 gyro into
the RMP in order to provide a back-up to the SYG-4200 gyro program,

Preliminary studies were carried out at Sperry during the Fall of 1966, pri-
marily in the area of the command logic to be employed with the Kearfott gyro. Pro-
posed relay card schematics were generated.

On 30 January 18967, NASA informed Sperry that a tentative decision had been
made to incorporate the Kearfott gyro into the Nimbus D RMP with the provision that
the changes to the circuitry permit future interchangeability with the 8YG-4200 gyro,
when it was successfully gualified.

A trip was made to Kearfott on 6 February 1967 to establish a firm interface
definition of the gyro type to be used,
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Table 15. Gyro Wheel Rundown Summary, Kearfott Gyro S/N 4

Date Total 30-0 Hz Test
2/8/68 - 53.0 sec Kearfott
5/29/68 4m-50 sec - Gyro FAT
6/21/68 4m-10 sec - Gyro FAT
1/10/69 4m-12 sec - Gyro retest after new connector
1/18/69 4m-12 sec 50. 5 sec RMP FAT (FT04)
1/20/69 4m-01 sec 46 sec .RMP FAT (FT04)
1/21/69 4m-01 sec 45 sec RMP FAT (FT04)
1/22/69 3m-54 gec 45 sec RMP FAT (FT04)
1/22/69 4m-00 sec 50 sec RMP FAT (FT04)
1/23/69 3m-57 sec - Vibration at GSFC
1/23/69 3m-58 sec - Vibration at GSFC
1/23/69 4m-00 sec - Vibration at GSFC
1/24/69 4m-06 sec 47 sec Post vibration FAT
1/24/69 4m-01 sec 49 sec Post vibration FAT
1/24/69 4m-05 sec 51 sec Post vibration FAT
2/6/69 3m-52 sec - End of T-V
2/6/69 3m-51 sec 46 sec Post T-V FAT
2/6/69 3m-57 sec 48 sec Post T-V FAT
2/7/69 3m-54 sec 47 sec Post T-V FAT
2/12/69 3m-35 sec 43 sec Final acceptance test
2/12/69 3m-05 sec 41 sec Final acceptance test

Table 17 summarizes the important interface characteristics of both the
Sperry SYG-4200 gyro and the Kearfott C702564-015 gyro to be retrofitted. The prob-
lem areas indicated by asterisks (*), are individually discussed in following sections.

5.4.2 Spin Motor. The gyro spin motor excitation presented the area of greatest
incompatibility with the existing electronics. The SYG-4200 gyro utilized a three-level,
dual-frequency excitation scheme for starting and running, whereas the Kearfott gyro
started and ran at a single voltage and frequency, greatly simplifying the turn-on
procedure,

The design philosophy followed in incorporating the necessary change was to
limit all modifications to the relay cards, adding wires as necessary to the harness. In
this way, interchanging gyro types would involve changing relay cards only.
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Table 16. Milestone Summary, RMP FT04

59

Milestone Date
Gyro S/N 4 delivered to Sperry 2/14/68
Gyro S/N 4 completed gyro test 6/21/68
Thermal indicator on gyro S/N 4 inspected by Sperry, GSFC, 8/7/68
and Kearfott personnel
Connector on gyro S/N 4 resoldered to pass X-ray inspection 12/ /68
Gyro S/N 4 completed retest 1/10/69
Pre-FAT of RMP S/N 7 completed 1/13/69
Gyro 8§/N 4 installed 1/15/69
Complete FAT of RMP S/N 4 1/22/69
Vibration test at GSFC 1/23/69
Complete thermal-vacuum test at GSFC 2/6/69
Complete acceptance test at Sperry 2/12/869
Delivery and acceptance test at G.E, 3/5/69
Table 17, Gyro Parameter Summary
Sperry Kearfoft
SYG-4200 C-T702564-015
Spin Motor
Excitation frequency (Hz) - 24, 000 rpm 800 - 400 *
: 12, 000 rpm 400 N/A
Starting power (Watts) 16 3. 75 Max,
Running power (Watts) 24, 000 rpm 4.0 3.2 Max. *
12, 000 rpm 1.8 N/A
Excitation voltage Start 52 N/A
{0-peak square wave) Run, 24, 000 rpm 29 29 *
Run, 12, 000 rpm 14 N/A
Angular momentum 24, 000 rpm 136, 000 227, 000
_ 12, 000 rpm 68, 000 N/A
Phase shift capacitor 800 Hz, Start 1.3 N/A
(ufd) 800 Hz, Run 0.8 N/A
400 Hz, Run 2.8 1.3 *



Table 17. Gyro Parameter Summary (Cont.)

Sperry Kearfott
SYG-4200 C-702564-015
Signal Generator
Excitation frequency (kHz) 5 5
Excitation voltage 3.5 3.5
Gradient (mv/mr) 40 2.4 *
Input impedance (ohms) 42 + j156 100 + j472 *
Output impedance (chms) 1600 + j3100 58 + j4b
Torque Generator
Scale factor (deg/hr/ma) — 240, 00 rpm 75 134
12,000 rpm 150 N/A
Resistance (ohms) 10 45
Temperature Control and Monitor
Heater resistance {ohms) - control 35 31.4
warm-up N/A 132
Control sensor resistance {ohms) 1440 780 *
Sensor gradient (ohms/°F) 3 1.5
Operating temperature (°F) 160 165
Monitor sensor resistance {ochms) 16K 780 *
Output Axis Characteristics
Gyro gain (H/D) 8 12. 4
Time constant (millisecond) 13 6.4
Angular freedom (degrees) 0,8 +2.4 min
Inertia (GM—CMz) 107 117
Physical Characteristics
Diameter (inches) 2.25 2.01
Length (inches) 3.86 3,17
Weight {(pounds) 1.75 0.85
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The power conditioning card, 4216-67677, as designed for the $YG-4200,
processed the 400 Hz, 2-phase clock to produce either 800-Hz or 400-Hz drive to the
inverter, depending on the presence, or absence of a ground on terminal 13 of the card.
Grounding this input to produce the 800-Hz cutput also disabled the under-voltage cut-out
circuit, to prevent loss of wheel excitation during launch.

Since there was no need for the under-voltage protection with the Kearfott ball-
bearing gyro, and in fact it would have been undesirable, it was decided to permanently
ground terminal 13 of the power conditioning card via the new relay card to be designed.
To achieve a 400-Hz drive gignal to the inverter, it was then necessary to disable one
of the 400-Hz clock inputs. This was accomplished by grounding terminal 8 of the
power conditioning card, again via the new design relay card. This required a new
wire to be added to the harness (J9-8 to J6-21).

The inverter design for the SYG-4200 gyro included three phase-shift capa-
citors connected in various combinations via relay contacts for the three different gyro
operating modes. The 0. 82-ufd capacitor was permanently connected to the motor
while either the 0. 47 or 2. 0-ufd capacitor was parallel with it by grounding through
relay contacts. To achieve the single 1. 3-ufd value recommended by Keariott, the new
relay card design simply connected the 0. 47-ufd capacitor to ground (without a relay)
and ignored the 2, 0-ufd capacitor, producing a fixed value of 1. 29 ufd.

In arriving at a command logic scheme to be incorporated in the new relay
cards, discussions were held with Kearfott regarding gyro turn-on procedure. It was
subsequently decided that the RMP ON command should energize the gyro feedback loop
and heater but not the spin motor. A separate "Motor-on" command was provided with
the stipulation that the gyro reach some elevated temperature before energizing the spin
motor. Kearfott felt that this would optimize bearing life.

The existing 29-volt tap on the inverter transformer was satisfactory for
normal-operation of the Kearfott gyro, and the 24-volt tap was included in the command
scheme as a power-saving option via the lower motor voltage command,

5.4.3 Signal Generator. The Kearfott gyro signal generator design was basically
compatible with the excitation voltage and frequency provided by the RMP electronics.
But its output gradient (sensitivity} was less than that in the §YG-4200 gyro by a factor
of 16, This was partially compensated for by adding a step-up transformer to the sec-
ondary circuit of the generator on the gyro normalization assembly. The transformer
selected was the high reliability equivalent of UTC's D0-T52 connected to provide a

2. 83 voltage step-up ratio. The §-to-1 impedance step-up,coupled with the inherently
low secondary impedance of the Kearfott signal generator,resulted in an equivalent
secondary impedance that was still acceptably low.

The overall gyro transfer function, including the transformer, was 84 mv/mr IA,
compared to 320 mv/mr IA for the SYG-4200 gyro. The 4-to-1 reduction in loop gain
was deemed acceptable,
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The higher primary impedance of the Kearfott signal generator made it neces-
sary to reduce the value of the primary tuning capacitor located on the normalization
assembly from 0.22 ufd to 0.1 ufd. While this value did not provide exact tuning, it was
the nearest available value, and resulted in very little loading of the 5-kHz source,

5.4.4 Temperature Conirol and Monitoring. The temperature control sensor resistor
incorporated in the Kearfott gyro had a value of 780 ohms at gyro operating temperature.
The heater controller cards were trimmed to control at a value of 1440 ohms corre-
sponding to the sensor value in the SYG-4200 gyros. This discrepancy was overcome by
including a 660. 0 + 0. 5-ohm padder resistor network on the gyro normalization assem-
bly connected in series with the sensor. The penalty was less tight temperature control
of the gyro as a result of the lower sensor gradient, but this approach kept the heater
controller cards interchangeable for either gyro.

The temperature monitor sensor on the Kearfott gyro was identical to the con-
trol sensor with a value of 780 ohms at operating temperature. On the other hand, the
5YG-4200 gyro utilized an array of four thermistors with a combined resistance of
16K ohms at temperature which was used in a simple divider circuit to provide the gyro
temperature telemetry channel.

A circuit design was developed using several transistors to make the Kearfott
monitor compatible with the existing T/M card circuitry and T/M format, but it was
subsequently discarded in favor of the simpler approach of adding a thermistor to the
Kearfott gyro.

An over-temperature switch was not incorporated in the basic Alpha 2 gyro
design, as had been done in the SYG-4200 gyro, to protect against heater controller
malfunction, To remedy this, a thermal switch assembly was designed, which included
the temperature monitor thermistor, to be cemented to the +0A end of each gyro.

5.4.5 Mechanical/Thermal Considerations. The physical size of the Kearfott gyro
presented no basic problems, other than the location of the cable exit which had to be
relocated {o avoid mechanical interference. New mounting ring and clamp designs had
to be generated.

With its higher operating motor power, the Kearfott gyro required a lower
thermal impedance mount to avoid heater cut-off at high spacecraft ambient tempera-
tures. This was accomplished by designing the ring and clamp to be fabricated from
stainless steel. The SYG-4200 gyro had been sandwiched between a pair of micalex
rings for thermal isolation.

No changes were made to the gyro mounting bracket, with its optical reference
mirror and Lord vibration isolators.

5.4.6 Heater Controller Card. While not specifically related to the Kearfott gyro
retrofit, a partial redesign of the heater controller card was undertaken at this time to
eliminate a problem experienced on the Nimbus B program. The card, as designed for
Nimbus B, employed a 10-kHz heater cycling frequency derived from the 5-kHz
excitation. The method of obtaining the 10-kHz dither signal resulted in its containing a
residual 5-kHz sub-harmonic, which, depending on duty-cycle (power level), coupled
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varying amounts of 5-kHz into both the gyro pickoff output and the temperature-
controller input. The result was limit-cycle operation of the heater controller over
Several narrow ranges of heater power demand. When the limit cycle occurred, it
created large disturbances in the rate loop output. Since the condition occurred mainly
in the 0-10% and 90-100% regimes, it was seldom a problem in test, and since the RMP
was to be operated "heater-off” in orbit, would be no problem in flight.

It was felt that to operate the Kearfott gyro "heater-on' in orbit would be
unacceptable, thus the redesign. The solution was to cycle the heater at a frequency
that was not harmonically related to 5-kHz, or any of its odd harmonics. A free-
running, relaxation oscillator was incorporated to produce the desired sawtooth dither
signal. A study was made to determine a safe frequency range, resulting in the selec-
tion of 8000 + 200 Hz for the trim condition of the oscillator. Also included in the
redesign was elimination of the temperature-set trim potentiometer in favor of selected
fixed trim resistors.

5.4.7 Elecirical Stress Analysis, An electrical stress analysis, done on the Nimbus B
RMP by the Reliability Engineering Department, was updated for the Nimbus D program
to include the revised heater controller card and new relay cards. A report was issued

and is included in Appendix VIII.

5.5 BTE Accomplishments

5.5.1 Bench Test Equipment Milestones. One set of bench test equipment was
required to be fabricated and delivered under this contract. The BTE consists of a test
console, interconnecting cable, holding fixture, and a self-test plug. The BTE was
originally designed and two sets fabricated under the earlier Nimbus B RMP program,
NAS 5-9571. One set was delivered to the General Electric Co., Space and Missile
Division, the second set remained at Sperry. The third set of BTE was delivered to the
System Engineering Branch at NASA/GSFC, Greenbelt, Maryland on 16 June 1967 as
part of the Nimbus D contract, NAS 5-10391. Thus, identical test support equipment
existed at Sperry, G.E., and NASA/GSFC for FAT, qualification and acceptance testing
of the Nimbus D RMP units. Development of the BTE provided consistency of testing at
each location plus a great deal of flexibility for diagnostic or retest as required.

The design and fabrication of the BTE was straightforward and relatively
problem-free. Emphasis was placed on low cost, and provision for multiple-function
capability. Multiple functional capability is provided by utilization of additional equip-
ment such as scopes, wave analyzer, recorders, precision dc voltmeters, etc. This
multifunction mode had been predicted and was wired into the basic test console.

A complete description of the bench test equipment, Sperry Part No. 4310-
50535, is contained in the Nimbus Rate Measuring Package Bench Test Equipment
Instruction Manual, Sperry No. CA31-0011, dated November 1967. The BTE instruc-
tion, manual includes design and performance, operating instructions, theory of opera-
tion, maintenance and servicing, and a set of BTE schematics plus a replaceable parts
list. The design and performance capability of the BTE has been discussed in para-
graph 3. 3 of this document. The theory of operation is technically noteworthy and will
be discussed in the following sub-section. Consistent with the goals of this final report,
the remaining topics will not be repeated in this document. Copies of the referenced .
manual exist at NASA/GSFC, G.E., and Sperry,
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5.5.2 BTE Theory of Operation

5.5.2.1 Introduction. The primary function of the BTE console is to simulate the

Nimbus spacecraft interface to the degree necessary for safe and proper operation of
the Rate Measuring Package. Specifically, the BTE provides power, clock, and com-
mand input voltages, and incorporates means for monitoring the various RMP ocutput
voltages. In addition, the BTE provides a variable test current input to the RMP to
simulate vehicle body rates.

The electrical functions incorporated in the BTE console may be categorized
as follows:
Clock circuit
Command circuit
Power supplies
Rate test circuit
Output monitor circuits

60-Hz power distribution and grounding
Each of the functions is described in detail in the following paragraphs.

3.9.2.2 Clock Circuit. The function of the clock circuit is to generate three square-
wave reference signals. One of the signals has a frequency of 5 kHz, and a no-load
voltage swing of 0 to -5. 4 volts. The other two signals have frequencies of 400 Hz, no
load swings of 0 to -24 volts, and are phase-displaced by 90 degrees.

The basic frequency source is a 40-kHz, crystal controlled oscillator that
plugs into octal receptacle J52. The square-wave output on pin 7 of J52 has a no-load
amplitude of 8 volts peak-to-peak.

Parallel counter circuits on the clock counter circuits card (Part No. 4310-
65272) produce two separate reference frequencies. Integrated J-K flip-flops, FF1
through FF5, and buffer B1 are connected as a 25-to-1 counter producing an cutput of
1600 Hz. This signal is coupled via half of gate Gl to flip-flops FF9 and FF10 which
are interconnected so as to produce a two-phase, 400-Hz output, buffered by G2.

A second counter consisting of FF6, FF7, and FF8 divides the original fre-
quency by a factor of 8 producing an output of 5 kHz which is buffered by the second
half of G1. :

The clock output card (Part No. 4310-65273) contains three output amplifiers
for the three clock signals from the clock counter card. Q1 and Q2 amplify the 5-kHz
signal; @3 through Q7 amplify the phase A, 400-Hz signal; and identical amplifiers,
Q8 through @12, amplify the phase B, 400-Hz signal.
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5.5,2.3 Command Circuit. The function of the command circuit is to generate a com-
mand pulse of specified duration and transmit it to the desired RMP command input
terminals.

: The command pulse is initiated by depressing the spring-loaded toggle switch,
S3 (Part No. 4310-65318). This immediately applies bus voltage, through the normally
closed contacts of relay K3, to the wiper of the COMMAND SELECTOR switch, S2,
which connects it to the desired RMP input terminal. This action also applies bus volt-
age to the network, C3, R4, and R5, on the bias supply card (Part No. 4310-65319),
causing the voltage on the coil of relay K3 to slowly increase. After approximately

70 milliseconds, the coil voltage will be sufficient to operate K3 terminating the com-
mand pulse. Note that the pulse duration is independent of how long the COMMAND
PULSE switch, $3, is depressed, as long as it exceeds the 70-millisecond network
time constant. When 83 is released, network capacitor C3 is rapidly discharged
through resistor R3 on the bias supply card.

5.5.2.4  Power Supplies. The BTE provides three dc voltages to the RMP and, in

addition, generates three cothers for the clock circuits.

The primary dc supply is a Kepco PRM 24-5 which is connected to termi-
nals 1 and 2 at TB1. At the loads normally imposed by the RMP (0.2 to 1. 0 amp), this
supply generates 25.5 to 26. 0 vde. The supply is used primarily to provide inverter,
heater, telemetry, and command pulse power to the RMP, but, in addition, provides
excitation to the final stages of the 400-Hz clock output amplifiers.

The BTE also provides +10 vde, and -10 vdc, low current supplies to the
Nimbus D RMP for gyro bias trim. These two outputs are generated on the bias supply
card by Zener diodes CR9 and CR10 in conjunction with the -25 vdc primary supply and
+12 vdc supply.

Three internal dc supplies are required by the clock circuits. A +3 vde supply
comprised of filament transformer T3 and full-wave diode bridge CR8 through CR11, on
the clock output card, provides excitation to the integrated circuit logic elements, and
the first stages of the three clock output amplifiers.

A -6 vdc supply, used by the clock output amplifiers, is generated by Zener
diode CR13 on the clock output card.

Finally, a +12. 8 vde supply, for the 40-kHz oscillator, is comprised of trans-
- former T1 and rectifiers CR11 and CR12 on the bias supply card,

A turn-on interlock circuit, comprised of relays K1 and K2, controls the
application of primary bus boltage to terminal J1-38 on the RMP to prevent an incor-
rect turn-on condition in the RMP. After turning on RMP INPUT switch, S5, an RMP
OFF command, COMMAND SELECTOR, position 1, must be transmitted to energize
the latch K1 which in turn connects bus voltage to the RMP. K2 is connected so that
the above sequence in reverse will not energize K1, In addition, the coil of K1 is
returned to ground via a jumper in the RMP, so that if the RMP is not connected, or
the connection is interrupted, K1 becomes deenergized, and cannot be reenergized
without performing the correct turn-on sequence.
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Provisions are made for connection of an auxiliary dc supply to terminals
TB1-5 and TB1-6 on the rear of the control panel chassis, The jumper strap from
TB1-4 to TB1-5 must be removed when an auxiliary supply is used. Note that the
auxiliary supply connects only to certain inputs of the RMP and does not excite any BTE
internal functions.

5.5.2.5 Rate Test Circuit. The function of the rate test circuit is to inject a variable

de current into the RMP gyro rate loop to simulate various levels of vehicle body rate.
The circuit consists of an isolated, Zener diode-regulated 5.1 vde supply, and asso-
ciated attenuator and switching circuitry.

The isolated dc supply is comprised of transformer T2 and a diode bridge,
CR1 through CR4, on the bias supply card. The output is regulated by Zener diode CR5
and connected to attenuator resistors R14 through R24. The RATE TEST AMPLITUDE
switch, S9 selects the eight attenuator outputs. Positions 2 through 5 provide fixed
current levels of 10, 7.5, 5, and 2.5 milliamps. Positions 6 through 9 provide
adjustable current levels with maximum ranges of 1 ma, 160, 16, and 1.6 microamps.
Adjustment is provided by potentiometer R2.

Since the variable current source is isolated from ground, it can be connected
to the RMP either as a positive or negative source. This is accomplished by RATE
TEST MODE switch, S6.

An auxiliary test mode is provided by RATE LOOP MODE switch S7. In posi-
tion 2, OPEN LOOP, it short-circuits the rate loop amplifier output in the RMP, per-
mitting the gyro float to be torqued open loop by the rate test circuit,

5.5.2.6 Output Monitor Circuits

5.5.2.6.1 AC Monitor. The ac monitor circuit is comprised of the AC MONITOR

switch, S11, and the ac meter, a Triolab Model 109-1 vacuum tube voltmeter. The
monitor switch provides selection of nine ac functions; three are the clock amplifier
outputs and the remainder are RMP test points. An OFF position permits the meter to
be used independently via jacks J1 and J2 which are permanently connected to the meter
inputs. Alternately, J1 and J2 permit an oscilloscope or auxiliary meter to simul-
taneously monitor whatever is being monitored by the ac meter,

5.5.2.6.2 DC Monitor. The dc monitor circuit is comprised of the DC MONITOR
switch, S8, and the dc meter, a Triolab Model 310-2, solid-state voltmeter, The
monitor switch provides selection of eleven dc functions; six are internal BTE outputs
and the remainder are RMP test points. An OFF position permits the meter to be used
independently via jacks J3 and J4 which are permanently connected to the meter inputs.
Alternately, J1 and J2 permit an oscilloscope, recorder, or auxiliary meter to simul-
taneously monitor whatever is being monitored by the dc meter.
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The CURRENT MONITOR switch, 812, permits position 1 on the DC MONITOR
switch to monitor two functions, though not simultaneousily. When the CURRENT
MONITOR switch is OFF, position 1 on the DC MONITOR is the main bus voltage. When
the CURRENT MONITOR switch is ON, position 1 becomes bus (RMP input) current as
determined by the voltage drop across R3, R4, and R5. R3, R4, and R5 are composi-
tion resistors permitting turn-on current transient measurements to be made across
jacks J9 and J10 to frequencies beyond 1 MHz.

5.5.2.6.3 Telemetry Monitor. The telemetry monitor circuit is comprised of the

TELEMETRY MONITOR switch, 810, the TELEMETRY QUTPUT meter, M2, and the
meter amplifier consisting of Q1 on the bias supply card and associated components.
The monitor switch provides selection of each of the twelve RMP telemetry channels.

Meter amplifier Q1 is connected as an emitter-follower with the 100-microamp
meter, M2, connected from the emitter to zero adjust potentiometer R8 through the -
scale factor resistors R6 and R7. Diodes CR6 and CRT provide compensation against
temperature variation in the Q1 base-emitter voltage drop. Base current for Q1 is
supplied by the telemetry channel being monitored and is approximately 1.5 microamps
when the output meter is indicating -1 vde, decreasing linearly to -0.5 microamp when
the meter is indicating -6 vdc. If the base is open circuited, for instance by discon-
necting the RMP, the meter will indicate in excess of full- scale :

5.5.2.6.4 Turn-On Counter and Elapsed Time Meter. A TURN-ON COUNTER is pro-

vided to display accumulated RMP turn-on sequences, It is a 5-digit, electromechan-
ical, impulse counter. A current pulse flows through the counter's solenoid coil each
time the RMP is commanded ON because of the rapid charging of capacitors C6 and C7
on the bias supply card when the contacts on relay K4 close. The coil of relay K4 and
the RMP ON lamp, L4, are energized from the RMP upon activation of relay K1 in the
RMP. When the RMP is commanded OFF, deenergizing K4, capacitors C6 and C7 are
quickly discharged through resistor R25.

A second set of contacts on relay K4 is connected to ELAPSED TIME meter
M4. This meter simply displays accumulated RMP operating time.

5.5.2.6.5 Power Distribution and Grounding. The 3-wire, 60-Hz power input cable

from a standard receptacle, connects to terminals 1, 2, and 3 of terminal strip, TB3.
The 60-Hz input is applied in series to switches S14 and S1, and then 5-amp fuse F1,
before distribution to the various loads. The 60 Hz POWER switch, S1, is on the front
panel, while S14 is located on the rear of the chassis for security purposes. Excitation
to the power strips within the rear area of the console is obtained from terminals
TB3-4, -5, and -6.

All de and RMP input circuitry is grounded to the console frame via a single
conductor from TB2, The console is connected to house ground via TB3-3. A'1/4-inch
-diameter grounding stud is provided on the rear of the chassis for connecting to the test
stand.
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48 d. Linearity: + 1: 2f {full scale reading for gimbal travel up
to + 2.4 degrees
: a, Primary Inpedance: 100 + j 472 shms + 1005 at 5000 cps and
: 70 deg, F.
ared
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f. Secondary Impedances 58,0 + J 45.0 ohms + 10% at 5000 cps and
70 deg. F
9+ Phase Angle: Secondary voltage to the primary voltage shall
a— be &° * 3 degree lagging when operating into a 5000 ohm load
(minimum) at 70°F gyro temperature,
h. Input Current: .0l0 amperes (max.)

we—3.1.3Torque Generator t The torque generator shall be as follows:

de

b.
Ll ey
A

dl

8.
]

f,
——

ap—|

+ 2.0°F,

3,144 Temperature Sensing

3.1,4,1 Temperature Sensing Eilement: Primary: The temperature sensing

eleisent shall be adjusted to have a dc resistance of 780 ohms at operating
temperature, :

Type: Paermanent magnet D'Arsonval

Scale Factors 134 + 13 deg/hr/ma direct current (dc) at
signal generator null

Lirearity: + 0.G5 percent at gimbsl null for rates from
zero (0) to 100 deg/hr, This iinearity errar is the max.
deviation from the best straigit lire,

Resistance: 33 ohms + 10 percent at 70 deg F (Control field dc
resistance)

Control Field Time Constant: 55 microseconds {psec)
t 10 percent at 70 deg F

Maximum Current: 150 millismperes applied to torquer generator
secondary

3.1.4,2 Temperature Sensing Element: Telemetry: The telemetry temperature
senslgg elenent :znall be adjusted to track the primary sensoer within

for all environnental conditions excluding warm-up,

-
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3.1.5 Heater Windings
'3,1.5.1 Control Heater: The control heater winding shall be as follows:
L.
' &, Resistance - de: 3l.4 + 3.1 obms at 70 deg. F
. b. Power - max,: 30 w when excited with 28 v de
L] .
10— . : . .
3.1.5.2 Warmup Heater: The wzmmup heater winding shall be as follows:
a. HResistance - de: 132 & 13 olms at 70 deg. F
154 b. Power - mex.: 112 w when excited with 115 v, 60 cps single phase
| 3.1.6 Gyro fluid: The fluld used in the gyro shall be free of any bubbles
i and shall not soilidify at temperatures above Q°F.
20—
1 Prior to fillinz the gyro, the gyro assembly within the i1l fixture shall be
; flushed witn Clltered ireon o such a dayres taat the nartizle e2unt on 2 O.45
micrem lililigers fil%er ologsd in the rorturs ror L8 oiimuias renaenes
the procver level, This shall be periermed with the gyro positicned tellows end
- 25— up zud teliows end down. ihe acceptasie parvicle ecunt level snell oe:
a, Mo particles greater than .003",
b. HNo more than 2 particles between ,00Z" and .003%,
a0 -
¢c. No more than 10 particles between .00l and .002",
d. Yo more then <3 particles below ,GI1Y,
35 = e. No more than a total of 32 particles, as a practical iimit.
3.2 Design and Construction: The design and construetion shall be in accordance
with the appiicable speciiications and outline drawings.
40= 3.2.1 Gyro Transfer Mmetion: The r7—2 open loop transier Iietion shall be
49,3 mv ms + 245 oubput per milliradissn digplaceient accut the input axis
when the signal generator excitation saq spin motor exciiation are held at the
neminal values speciiled and the gyro is st operating temperaiure.
451 3.2.2 OQutput Axis Freedom: The gimbal freedom about the output axis shall be
mechanicaliy limited to + 2.4 deg (minimm) from the signal generatcr null position..
12ECURITY NOTATION: CCDE IDEMT NO.JSPEC NO. REV
21581832
- T, = D
SHEET 5
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3.2.3 Characteristic Time: The characteristic time is determined by dividing the

gimbal moment of inertia avout the output axis by the damping coefficient., It
shall be é.4 milliseconds (ms) + 24 percent at operating temperature.

3.2,4 Mngular Momentum: The Gyroscope, Integrating, shall be designed to have
& noninal angular womentum of 227,000 gram (GMY) centimeter {Cl) squared per second
(GM QMR/SEC) at synchronous speed of 24,000 revolutions per minute (rpm).

3.2.5 Output Axis Inertla: The gimbal output exis inertia shall be approximately
117 grams centineter squared (gm-cm<).

3.2.6 Open Loop Gain: The open loop gain shall be 12.4 + 19 percent at operating
temperature, '

SECURITY NOTATIUN: CODE iDENRT NC.ISPEC NO.

FLIsiE3A
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3.2.7 OQperating Temperature: The gyroscope operating temperature shall
be 165 + 2 deg., F.
3.2.8 Signal Generator Null: With the gyro at operating temperature and
standard excitation applied to the spin motor, signal generator primary,.
*7| and operating heater, the null or signal secondary voltage shall not
exceed 1.0 mv ras,
3,2.9 Warmup Times: The time required for the gyro to reach operating
] temperature from 70°F shall be 30 minutes (max.;
3.2.10 Rate Mode Signal Noise:t The max. value of noise measured in the
output signal of a gyreo operated in 3 rate wmode shall not exceed an
iero to pezk rate of 0.2 deg/hr when measured under the following
] conditions at time of initiasl shipmant, and snhall not exceeg O-F{0.L%%/ur
over the life of the instrument. The rate loop parameters are as I10:L.0wsi:
a, amplifier Gyro Constunt: <Closed losp velocity errer coeffiicizat, ;
Ev = 8.8 £ 0.4 sec™* : 3
se— . . , C s
b. Loop Damping Constant: grester than c¢ritical :
€. Loop Time Constant: O.114 + 0,011 sec %
S d. Frequency response of measuring equipment: 2T to 60 Hz minimum
e, Output Filter: 4 filier with the confiquration shown in
Figure 1 shall te inserted between the gyre output signal and
the instrumentation, '
F [ oume
: = WA T
; Aocon v T
Ey 2o Qo Y |
— /OAAVcezeq' J- éi
- , s LORD SOOK M/ speAt
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3.2.11 Temperature Sensor Gradient: The temperature gradient of the
sensor shall be 1.357 + 10% ohms per deg F over the range of 140 to
180 deg. F.
¥ 3.2.12 Input Axis Alignment: The gyro input axis shall be parallel
to the plane defined by the gyro mounting flange surface within the
following limits:
Nominal Zero
19—
Three sigma deviation 3.34 arc minutes
Worse case maximum 14.4 arc minutes
) 3.2.13 Interchangeability: Uyroscopes :hall ba interchangeascle with
TeipRct 9 Thase parimeters called aut in the aspprenriasct: drawings anc
spoasicicationsg,
3.3 Haterials
7 3.3.1 Materials which are not covered by applicable specifications
shall be of the best commercial guality, of the lightest practical
weight and entirely suitable for the purpose. MNonflammable material
shall be used to the greatest extent possible in the construction of the
w—| 9yTrOoscope.
3.3.2 Tungus Inert Qaterials: “aterials which are not nutrients
for fungus shall be used to the createsti extent practicable., .hers
materials that are nutrients for sfungus must be used, such materials
so— shall be treated with a fungicidal agent, or otherwise suitably
protected,
T
3.3.3 Protective Treatment: “hen materials are used in the construction
of the Gyroscope, Integrating, tnat are subject to deterjoration when
w—| exposed to climatic and environmental conditions likely to oc¢cur during
service usage, thevy szhall be protected against such detericration in
such a manner that will in no way prevent compliance with the perrormance
requirement: of this specification, The use of any protective coatiny tha
will crack, chip or scale with age or extremes of climatic or environ-
«o—{ mental conditions shall be avoided.
ag—
7 CODEL 585232 | . fmaa o=
e speciFicaTion wo. | | 11117385
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3.4 Performance

The following performance requirements are applicable under
the environmental operating conditions listed under section 3.5.1 only.
All tests shsll be run in a mutually agreeable test fixture.
3.4,1 Acceleration Insensitive Drift Rate: The maximum value of
acceleration insensitive drift rate with the gyro at null and with no
external compensation shall be 2 deg/hr. .

3.4.,2 Acceleration Insensitive Drift Rate Shift:

3.4.2+.1 The maximum change in acceleration insengitive drift rate,
runup to runup with the gyro cooled te 70°F for 16 hours between
operating periods shall be + .5 de2g/hr from the initial trimmed
value for three consecutive runs,

2,4.2.2 The gyro ramp shall be lsss than $.0C15/hr/hr during a 15 hour
stabliiity run, with output axis ver=izal. The 1> nour stabliliy dais
shall %e obtasined during a3 stability test periocd of no greater than

30 hours.

3.4,3 Acceleration Sensitive Drift Rate (or Mass Unbalance Drift Rate)
The maximum acceleration sensiztive drift rate under any conditions of
storage or operating environmment shall be 1.0 deg/hr/g along the input
axis {(IA) and spin reference axxs (S2A)

3.4,4 Acceleration Sensitive Drift Rate Shift {(er Change in Mass

" Unbalance Drift Rate) The oaximum change in acceleration sensitive

drift rate znift runup to runup wiih the gyro cooiea to 70 deg F
for 16 hours between operating period shall be + 0.5 deg/hr/g from the
initisl value for three runs.

3.4,% FKandom Drift Rate The computed random drift (1 sigma value)

for any cperating position of the gvro for one-half hour shall not
jxceed 0.0% d2g/hr,. rnanaom arisft is caltculatec with 1 minute smrpining o
data. . :
3.4.6 Anisoelastic Urift Rate The G2 compenent of drift as computed
from total drift rate data obtained with a2pplied vibration over éhe
frequency range of 30 to 1500 c¢ps shall not exceed 0.02 deg/hr/g

peak; over the frequency range of 30 to 2000 cps shall not exceed 0,10
deg/hr/g peak, except ror isolated narrow frequenc¢y bands of less than
5 ecycles.
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3.4.7 Maximum Torquing Rate: The gyro shall be capable of a torquing rate
equivalent to or exceeding en anguiar velocity about the input axis of 5.0 deg/sec.

3.4.8 Gyro Elastic Restraint (Off-Hull): The nonacceleration sensitive drift
resulting from the equivalent spring of the flex leads, signal generator snd
torquer generator shall not exceed 0,3 deg/hr per degree of gimbal displacement
{output axis rotation) within the center 90 percent of the gimbal freedom range.

3.4.9 Gimbal Friction (Yozzle}: Cimbal friction shall not exceed 1 deg/hr,

The sum of all friction greater than 0.25 dez/hr shall not exceed 1.5 deg/hr.
This parsmeter shall be checked from stop to stop with the spin motoer off, The
gimba} shall be driven from stop to stop at a rate of approximately 10 deg/hr.
while recording the rebalance torque, This torque shall show no spikes or
deviations greater than the aforementioned 1.0 deg/hr and the sum of all

spikes and diviations greater than 0.25 deg/hr shall not exceed the aforementioned
1.5 deg/hr. Tis test shall be conducted irom stop to stop four times in each

of the following positions:

a. Positive UA up, positive IA north (horizontal)
b. Positive SRA up, positive IA nerth {itorizontal)
¢, Positive QA down, positive IA north {(horizontali)

3.4.10 Vacum Warmup: When the parallel combination of the control and werzup
heater are exeited with 24 w of dc power the sensor shall reach 160 deg F in

10.9 to 22.9 minutes. 7The siznal generater secondary shail be at least 135 deg F
when the sensor reacnes 10 uez, f. The zyroscope shall be tested for this
paraneter vhile mounted in 13,2 cunce mouwntins rixture and mzintaining a thermal
registance cr € deg r Ter i hetween tie instriment anc a c¢oid s1ns maintained at,
75 deg F., This test shall be conducted uncer a pressure ol not greater tnan 1077
millimeters of mercury.

3.4.11 Tunbie Trace Deviations: lnen tumbied about its output axls at rates

of 300 deg/hr the toraue to rebalance trace shall not deviate fraa its smooth
curve by mere than 0.5 ceg/hr. The acceleration sensitive drift rates along
either the IA or the 37A a3 calevlisted from the tumpnle test cata snall not exceed
1.0 dez/hr per acceleraticn due to gravity., The acceleration insensitive drift
as caleulated from the tumble data shall not exceed 2.0 deg/hr.

SECURITY NOTATION: CODE IDENT NO.]SPEC NO, R
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3.4,12 Gyro Phasing

i 3.4,12.1 ¥ith the motor voltage phased as shown on Sperry drawinq
! ,_#!2.0094[, the positive spin vector shall be as shown,. = ..,

3.4,12.2 A positive rotation of the gyro case about the input axis
should preduce a signal generator voltage from pins C to B which lags-
w—={the orimary excitation voltage from pins J to H by 6+3 degrees,

See drawing F1200G41.

3.4.12.3 4 positive rotation of the gyro case about the input axis
should reguire current flow into torque generatsr nin K 4o

w—|hnl4 the zianal generater voéltage at null, Zee drawing #1200%41
3.4 Environments

3.5,1 ©Operating: The avro shall perfoarm as required herein when
w—|sunjectied to the rtellowing envirenments:

Test Space Orbit
3.5.1.1 .mbient Temperature (5Sink) 70°F - 90°F 77 + 4%
3.5,1.2 Ambient Pressure 14.7 psia 107°MM Hg abs
*13.5.1.3 Gravity Forces 1 "G" 0 "G"'s
3.5.1.4 Relative Humidity 35% nax, ’ -
w—]3s5.1.5 Radiation - 2 x 107-rads
3.5.1.6 liagnetic Fields 1 Gauss Dax,

w—l 3:5.,2 MNon-Operating ¥%heel on: The gyro shall perform in the environmentse
specified in para. 2.3.1  above after being subjected to the following
tests -when mounted in the EiiP.

3.5.2.1 Vibration:

3.%.2.1,1 Sinusoidal: +« 10 "g"s alony the x, y and z axes {Figuqe_la)
respectively. Frequency range from 5 to 20C0 cps at a one octave,/minute

sweep rate, Mounting bracxket ra2sonanges up o LU "g"s must he sustained
for several zocands 1long escn axise o Fluures 2, 3 3ad s,
= .

; o G tope{ 582352 Ty 51 E ¥ 4
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3.9,2.1.2 Random: 0.2 gz/cps along the x, y and z axes respectively
as measured at the mounting base of the RMP, Each axis shall be tested
for 3 four (4) minute time period. Spectrum from 20-2000 Hz.

3.5.2.2 Acceleration: 30 "G"s shall be sustained along the thrust
axis for a 5 minute time period. (See figure 1B)

3.5.2.,3 Thermal Vacuum: The gyro shall be mounted in the RMP in the
normal manner, and the system subjected to the thermal vacuum cycle
Cors ety Tovaelal as shown in GSFC, spec  §-320-MI-4.. The gyro

shall be operated in the normal fashion during this test, and shall
perform satisfactorily a2fterward per the requirements of this
specification,

3.9.3 MHon Operating Conditions: The gyroscope shall perform as

specified herein after exposure to the following non-operating
genvironmante:

3.9.3.1 Storage Temperature: O to 180°F
3.5.3.2 Humidity - 0 to 95% (relative)

3.%.3.3 Vibration and Shock:_ The gyroscope shall not be damaged by
vibration and shock encountered during normal and commerc¢ial transport
and handling when packad for shipment in accordance with .pyx 1155%,

3. 6 Dimensions and Mounting: The gyroscope outline dlnensions.
mounting details, and connector shall be as specified in .

Sperry drawing Wo, 1200941

3. Weight: The gyroscope shall. have an approximate weight of
0.8)1 pound. Unit to unit variation shall not exceed 0.05 pound.

3. 8 MWorkmanship: The gyroscope including all parts and accessories
shall be constructed and finighed in a thoroughly workmanlike manner,
Particular attention shall be given to neatness and thoroughness of

soldering, wiring, impregnation of coils, marking of parts and assemblies, |

welding and brazing, patnting, riveting, maching screw assemblies,
and freedom from burrs and sharp edges,

3.9 Identification and Marking: The identification and marking
of the gyroscope shall be in accordance with the requirements of
MIL ST 130.

* Kearfott Spec.
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3.10 Reliability and Life: The gyroscope shall have 2 mean time
between failures (MTBF} design objective of 28,852 hours under
laboratory conditions and a warranty service life of 5,000 hours
er 1 year which ever occurs first,
B —
4, QUALITY ASSURANCE PROVISIONS
4.1 Acceptance Tests:s Acceptance tests in accordance with the
following schedule shall be performed on all gyros furnished under
10— the contract to assure conformance ic the applicable specifications.
The vendor acceptance tests shall verify conformance to the following
paragraphs of this purchase specification.
Sperry Purchase Kearfott Accept. Test
. Specification FP1581854 . Procedure AC182564015
) Paragraph Title Paraoraph
3,102 Mntor Power 4,48,22
3.1.1.4 Moter Current 4,4,22
20— 3.1.1.e Moter Fupdown Time 4,4,21
3.l.2.0 Sig. Gen, Input Zurrent 4.,4,8
3.1.3.b Torque Gen. Scale Factor 4.4,14
L] n 1] L1} 4.4.18
" n 1] 1] 4.4.20
28— 3.2,1 Gyro Transfer Function 4,4,6
3.2.2 Qutput Axis Freedom 4,4,7
3.2.3 Characteristic Time 4,4,10
3.2.7 Operatina Temperature 4,4,3
3.208 - Sigc C‘len. -‘-"..tll 41409
30— 3.2.10 Rate dpde Siganal Hoise* 4.4,24
3.4,1 Accel. Insen, orift Rate 4,4,13
" " " [1] 4.4.14
[1] " L] (1] 4.4.18
(1] " " " 4.4.20
] 3.4.2.1 Accel, Insen. Drift Hate 4,4,17
Shift
" ] u 4‘4.19
l.. H L1} 4.4.14
3.4.2,.2 Ramp Drift Rate 4,4,16
] 3.4,.3 Accel, Sen, Drift Rate 4,4,13
L1} L[] " " 4.4.14
L n [1} (1] 4.4018
" n L] H 4.4.20
12 conE| 585232 | 5 1581854 :
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] Sperry P"r‘_: ° Kearfott Accept. Test
- Specification Procedure #C182564015
1581854 Paragraph Title Paragraph
5 3.4.4 Acceleration Sensitive Lohodd
Drift Rate Shift
3.4.5 Random Drift Rate bedrol5
34,7 Maximm Torquing Rate &obf.23
10 3.4.8 Gyro Elastic Restraint bely 11
3.4.9 Gimbal Friction (Yozzle) bok.ll
3.4.10 Vacuum Warmup AobhodR
3.4.11 Tumbl.e Trace Deviation hedol3
3.4.11 Tumble Trace Deviation . Lo4 4
®1 3412 Tumble Trace Deviation 4.4.18
3.4.11 Tamble Trace Deviation 4ed 20
3.4.12.1 Motor Voltage FPhasing bodpody
3.4.12.2 S8ignal Gen, Phasing F AN
s0d 3.4.12.3 Torque Gen., Phasing P
# Vender data need not show rate loop parameters.
: In addition, the vendor acceoiance tests shail verify cc:plia.nce. with the
~ o25-] mecnaniczl and electrical requiremeats of parsgraph 3, sheet 7 of Cperry Urawing
' Swmber Lxi0941.

4.2 Reports

30— 4.2.1 Acceptance Test Data: Une cooy of the Acceptance Test Data Summary, FPages
1=t and 18 of the Acceptance Test Log CL82364015, Rev. A, shall accompany each unit
del ivered,

35-] 4.2.2 Tailure Analysis: A failure anslysis shall be conducted on all gvroscopes
retumed to Xearfott for rerair uncer the provisions of the warrantee, The
failure analysis shall consist oI, but not be limited to the following items:

8., Al performance failures shall be defined as:
40—
i. Design failure
2, MNonconformance to design feilure
3. Other (this category requires an expianation when used).
45— b. A detailed account of steps taken including the tests made to determine
failure,
ISECURITY NOTATION: CCDE IDENT NO.[SPEC NO. REV
; 6232 1231854
! ]
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¢) An explanation of the cause of the failure with sketches and/or
photographs as necessary to depict or explain the failure.
d) An account of corrective action including a description of
o] items repaired or replaced or of defective workmanship corrected.
e) A detailed description of action taken to prevent recurrence
of the fitlure with specific effectivity.
ror] f) Final test results on the item, if repairable, 1nc1ud1ng
detailed test data.
f S PREPARATION FOR DELIVERY
: 18] .
5.1 Packaging: Packing of ‘the gyro shall confora to Kearfott
) instruction FK.1i%5. (Kearfatt Zpec.}.
5.2 d#Harking: Intermecia<e and shipping cantainers ehall ne durapiy
20 2nd legibly marked in acenrdance with igee, “Io 3TD 129, 4 warning
lacel shall be asttached to the zhipging container steting that t'\o
container shall not be subjected to temperatures below 32 deg. 7,
2% —
I —
A
40—
‘ 4 —
. L4 conE| Ssz23¢2 ! S 15331 85 4 R
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Appendix 11

PART SCREENING TEST PROGRAM FOR
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Introduction
This report summarizes the resulta of the parts screening test
progran conducted in fulfilment of the reguirements of pars=-

graph 4.8, GFSC specification S«450«P=14 for the NIMBUS "D%
Rate Mesasuring Package program, Contract No, NAS5-10391.

Soe0e

The screening teasts/tasks to which the applicable parte were
subjected are indicated in Table 1. These testa/tasks were
performed in acoordance with the aspplicable Sperry Test
Specificationss (T=4310-xxxxx)} indicated in Tedle 1. These
Sperry test apecifications conform to the requirements of

the applicable GFSC specifications referenced in Table 1.
Approximately two (2) systems worth of applicabls parts were
gubjected o ecreening in accordance with Table 1. The specific
guantities of each part subjected to the screening tests are
listed in Teble 3.

Sipmary of Regults

(1) Table 2.1n2icates those parts which failed to successfully
complate the sersening testa. A1l other parts tested
suocessfully completed the acreening procees. Table 2 also
provides an Indication as to the distribution of the critical
areag of failure.

(2) The grestest loss of components occurred during the Viasusl
and Mechaniesl axemipstion {76% of al) raejectiona). The
next most important cause for rejection; that described :
in the Intermal Inspection requirements of the GSFC epecification
for High Usage Eloctronie Parts seecunted for 14Y of all :
rajeciions.

Within each of the sbove screening tests, several defact -
categuries emerge as prime causes for rejection, e.g.
oracked glass sealu, these ere indicated in Tabls 2., The
renaining 10 rejectsed prrts were randomly distributed
smong=t thelr assooimted screening tests as shown ir Table 2.
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Appendix III

THERMAL ANALYSIS FOR NIMBUS D RATE
MEASURING PACKAGE
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Tusemal AMALYSIS -

Nivmzos D RMP e Treraat -Vacoum
CHAMRBRER 1T

Crvocewic WawLs

Q j,q | Gle

AYRO A AAN BRACKET A AA STRUCTURE
Te =3 'Tg ®2 Ts
Qrs Grs

The above diaqram vepvesemts the presomed thermal

waedel of Ha Nmmaus D fmp

v G dhernnal cvacuvw chawaber
n_l'i\-ﬂC) crujoc}em:f. watll For tomeeratove co-trol o e unit.

The vaviout pavaneders ave dedived at foVlows:

Ta Gave tewperatove

T= Gyve bracket tempevatun

T3 RMP sdvocdure temaperatus

T Therrnal vediidance » quyve o bracket

cdrd Therma' vesistaniz = brocet 4o sheucdow

Qe Power ivpol 4nduve - moter + heater

Qe Power taput 4o sheotrove - alectyonicy

RQrs Power vediated Yveman brack et

Q@rs  Pawer radiated Lyovn strucdove
E%u a-\-CﬂCj

+lr-0. ?QM)tw :npu)f ‘o 'P;......:el"' au\’(’bu"f ;‘5: eac\n e!ﬁno-u-‘l".
_ Ta =T
Rq = gt

124 (n
T~ T
Qa = ‘siz?_é" + Qeg (2)
Tg-Ts
“wa- t @ T Qks (3)

E‘] H&x':‘nci (Y nad (), c.‘I!\-v\-\;v-\a'i’:\'\t; QG’\ reioits A ;

- R’L\ ‘? s
Tts(\-&—ﬁ}drTths—‘- —;; tq + Tsg (4)
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TZCL.JI\"'I"“:V'W! (3) produces te forlawaing Q'1Uh+n;‘h:

Tg -~ RaQrs = Ts -~ 2 Qe ()

Te cquation Tor power vadiakd Fom a body 4o o
f_mp!shlﬁ sorrowlxﬁnq shvintove ¢ ar JoMavese

Oe = TeA(T*- )

(&)
twhare. T = S.xi157% watt/oR4/ 4> 7
€ = am:s{w:“}q
A = LHvea. :.‘?' \fﬁt?:ﬁ)r:nq bodbj
T = devmpovatoe oF body ~ °R
T =

dernperatoe oF cheoctoe - OR

Eiﬁi\.sm*u;\"\ (N cawv be —uce v*éop il vew-—”—L&m a il
(I 4 {,‘ri"""(‘z\j ' (7
iwhere K FeA{Tra T2 T+ T2

H

(8)
I‘J‘ Wiy be &i(iumf’ap dhat TV amd T ;v-e {8 do \f‘va+
c«h’ﬁ'tv C}'rbn-"«i--é: Pty dhe  RBRWP (hepcd o fervnpovat vl ,.TS.
-T\'\oﬁ el }

Cdien O& aPPeo l‘l‘.’;vw-d-.ld‘/ol.": L‘ﬁ

W

K 4§ ¢ AlTS) (2
TThe vadisbed posres

[as5€f Cawm Vo bz J.O;t:u-ol
as YoMlaw s '

Org = K=w (Tg ~ Ta)

(1o

Ars = g (Ts~Tad (1

heee T is M l‘_ruioqm:c L ety -lﬂ—x.-n?sa\-;.--‘w\-e, v~ e Claavn ber.
Sulﬂi“*';‘.;'u'{':au-.? (ir.'h\f I\v-\"'n

(A, ezl (1) Tt 1455 vesold :v\ -L‘-’Q {0“00\):‘\142

(14 & ¢ Rawe | Te - (aks)Ta = Byra+Ts o
: ®y ‘ ®,
and
T + (ReKsYTa = (1 + Rexs)Ts - Ral@e (3
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The ‘Failow;\q Volued were wied do compole He W' 2

eamnssvidu . € = |
RMP shevctwt avea , As = 115 £
th'ro bracket area, AT = 0.10 €4

There vesuid va e Iunl)w\wc’:

K = (6,204 »10"2) Ts?
Ks = (0.234x1078) Ts3

A compuler Program wai Gemeraked to selve G2 and
(12) For T8 and Ta at varmoot wvaluer of TS, awnd do Hew
Solve (Y Fov Q& and (16) Yor @&sB., Total power was
Computed Frew the -Fo\\ow.‘ﬂ%; :

QTovaL = Qg + Qe (14)
G‘\b’fb hreater powser wal cmnpu-\-ea? L‘j :
Quantie = Qa = Q@wm (\g)

wheee Qu is &k gyro $Pin wrstor powe v
A dotal oF foor Compoler runt wert perfoven e, For

dH runr‘-”-’: 'FoHaw\:'\q iname,@ﬁ weve Aaf 51-\:% be\ow‘.

Q = = 200 LIJRH‘
M = 20O wary
Teg = 623% (163°F)

For Ha Fisk ahee vuns, He Hermal vensdancer were

vavied as Follarof s
E’owc l ?uw “2. ?un ';_

R = ~ T 5 °F/watt
K2 = 2 5 1 9 }oatl

The +otar mpo ¥ Powsev  in von ¥2 most Neariy matche d
e Vool obierved T e TV chiavber aT NASAIGSRC. The resurds

oF Fhic vun ave ploded i Figuoes L.

T+ is awmticipated +hat wn t cPacecnT, ORB Wil e
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Appendix IV

REVIEW OF FAILURE REPORT ON KEARFOTT GYRO S/N 1
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HEVIEW QF FAILURE REPORT
o
KEARFOTT GYRO C70R564015-1 &8 1




ZITRODUCTICN s

The genersl . waaﬂingmdmeluﬁmdminthohﬂmm
mmmehwm scns detailed points are reised that
mmammmwummmwn ormpperbiwdau.

Point ) - In referencs to a hlack tarwlike substance fomd e the +8A
balls and retalner. Uas this material anslysed and if so,
vihat wvere tha resulta? If not analysed, can this analysis be

and the results de made known snd inaluded in this

porformed
FA report?

Eoint II - Regarding the verification of the lubrieant failure by Singer-

Kearfott motor engineering. Uhat type of analywis and/or
tests vere mm Yo verify this lubricant faiiure by motor

engineering?

Eolnt 111 ~ Regarding nention of "rare occasians® of lubrioant brealdown.
- Muvmmm;uﬂsﬂommﬁequwofthiamoof

breaidown and vhat are they,

Polpt 1Y - lbat effort could the Himbus nwmﬁmmmm
precipitation of this failure? Add Singer-fearfott comments.

CONCL.USICH
The purpose of the teaxdown and sulwequent fallure snalysis funded

by Sperry was to gain insight into the type of failure and preventative
action to be taken, The conclusion made lhy Singer-Kearfott that no

Iv-3
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S/N #1 is one of four C702564Q;5 Gﬁros which weré built during'
the lattef part of 1967 and the beginning of 1968 for the‘Spefry
Compény for use in the Nimbus Weather Satellites, During this same
tine period, Alpha Series Gyfos were also besing manufactured for
sevefaldpther programs, This unit was éssembled, subnitted to fimal
acceptance festing, and was subsequently shipped on Octiober 15, 1967.
See Figure I and the left portion of Figure II1 for the pr§~3hip datq
summaries of S/N #1 |

No information concerning Gyro field éerformance-was received
by Kearfott until dMarch of 1969, At this time, a communication was
received from the Sperry Company indicatiug thaé /N #1 was in a
Nixbus Sysiem but not perferming well, The gyro anomalies noted
during Spafry testing weres

* g - Sensitive drift rate shifts of up to 1 degree
per hour.

+ low frequ~noy oscillations (1 1/2 hz,) ohserved in
the Nimbus rate loop output.

« Motor rundown time changes after the thermal vacuun
test -~ approximately a one ninute loss in total RUT
and a 30-0 RDT which varied batween 21 and 49 saeconds
with one low reaolng of 16 seconds,

The Gyro motor had scen apnloxlmately 1250 hours and Sperry stated

that ihis Gyro was an "extremely noisy” one at this time, See fig-

ure II for a synopsis of the motor data taken in the field on 53/N 1
Two Kearrott personncl visited the NASA-Goddard facility at

Greenbelt, Maryland on March 17, 1969 to discuss this Gyroscope with



-

represcntétives of NASA,'Sper;y, and Genéral Electxic - Pittsfield,
The performance data from the Nimbus System containing this. Gyro
and from ancther system wefé reviewed at this time, The 1} Hertz
Oscillation was described as being related to motor "hunt frequency"
and examination of test data from the "good" system indicated that
it was g&so present there., This low frequency phenomenon was not

- #
affecting systen Performance. The combination of g-sensitive drift
level shifts and decreasing run down times were indicative of poss-
ible motor degradation. However, the gyro 'was still performing just
 within specification limits when measured at the gyro level, NASA
felt that it would be impractical at this time to tear down the unit
and possibly find nothing, It w;s concludad ibat NASAY woeld rewove
S/N 1 from their system and perform a life test on the instrument,
checking its performance periodically, This life test was stiopped
after geveral days and the unit was returned to Kearfott on March
29, 1969 due to continued poor performance, Verification testing
commenced on March 31lst and was concluded on April 14, 1969, Figure
IIT presents a summary of all data taken at Kearfott, The Gyro.was
torn douwn April 17, 1969 in the présence of Kearfoit Quality Assur-
ance only a2nd the motor and float.assemblies were disassembled on
April 18, 1969 with representatives of NASA, Sperry, Kearfott E & D,

Operations, and QQualitiy in attendance,



ANAL

—_— - s

[+

g18

:A_reviéw of_motqr,.mbior/fldat, and gyro assembly build recordé;
lifelhistory data, and rejection history summaries was performed and
ne serious probleﬁs and/or failures had been enmuntered during fhc
assembly and test of 6702564015 8/N 1, -Total motor and motoxr float
time be{pre gyro build was approximately 428 hours and total gyro
funﬁiﬁg:tiﬂe-gf Ship?ent was 179 hours, Total motor RLT and 30—6
EDT were consistently in the area of 300 seconds and 530 seconds res-
pectively, The 1 sigma valug of randon dr;ft for the Input Axis Ver-
'tiéél-pdsiiiénﬂﬁas 0.002 degxees/honrfhcgrﬂét final acceptance test
ksée Figure I and the left side of figure IIX fér pre-ship data). All -
pre-ship data is indicative ¢l »n reliable gyro whosce stability is sim-
ilar in guality to thet of slpha units in preduction,

'Figurc II is the tabulation of data which was pre%ented'by Sperry-
to Kearfolt and represents the significant spin motor data'whiCh'was“
recorded in the interval.of October 15, 1967 and March 14, 1969,

After several months of performance which is comparable to Kearfott
Pre-ship motor data, the total RDT and 30'-0 RDT change sigunificantly,
‘The gyroscops was exposed to a thermal vacuun test which consisted
”of"lB”days'bf”ddﬁtingbds rurming at 165°F and D.psia. During thisg
intexrval no motor data was recorded, At the cdmpletion of the ther@al
viguum exposure, however, the total RDT changed from 252 seconds t;

185 scconds and the 30-0 RDT changed from 56 sccouds to 42 seconds,

From this point (Jawnuarxy, 1968) until March, 1969 the data is indi-
i
cative of a gracdual :



degradation in motor porformance. The total RDT gradually decreascd

to a value of 145 szconds and the 30-0 RDT varied somewhat erratically

between a high of 49 seconds ‘and a low value of 16 seconds,
Gyro verification testing at Kearfott consisted of 2 complete

ATPts, 10 successive motor performance checks, and then two addit-
!
ional ATP's. During one of the latter ATPt's, the gyro was positioncd
y .

0AH IA Up and an extended random drift test with a motor jag record-
ing of the spin motor "BY phase current was performed, A review

of the Kearfoti verification data in Figurés IXI and IV indicates

the following:

1, All Gyro pervformance. data is in specification except for
tho TAV random drift 1 sigma value of 0,061 degrecs/hour/
hour from April 3, 1969 -- Spzcification is 0,05 degrees/
hour /hour maxipun, .

2, The comparison of gyro drift with motor current jag reveals
=act correlation; d.e,, a motor current jag producas a
gyro drift level change, Aftier soeveral hours of running,
the jag disappears and the unit stabilizes.

3., The total RDT wvaries from 314 scconds to 187 seconds, The
largest change in total RDT (223 scconds to 187 soconds)
occurred aftex the gyro had not been tested for 1% weeks,
In addition, the smallest change occurred when the uvnit
was run continuously, '

4, The 30-0 BDT varied irregularly between 32 seconds and 52
seconds, The value at gyro shipment was 56.1 seconds,

5. The test verification does not agrea directly with the
Sperry data. Their submitted data sheet indicates a grad-
ual degradation in both rundown terms whercas the Kearfott
data suggests a more erratic performance wvhich is dependent
mostly upon the amount of continuous running time priox to
daia acquisition. :

To summarize the analysis of data, the verification tests at Kear~

fott essentially subsiaitiated Sperry's complaint of possible motor

V-8



degradation. The gyro was Subseqﬁeutly dispositioned for teardoun,

Gyro teardown revealed no oﬁt Oflspecification conditions, The dis-
assenbly of the mnotor and floaf indipated that no oil sling. or for;
eign.materiél WHE pfesent ;5 determihed by 40 power observation. Sub-
scquently the stafox, shaft, and bearing aséembly was taken apart,
The gyro motor béaring inner race, balls,'rctainer, and outer raée
2 :
from the -SA sida displayed no discrepancies, However, the compo-
P . :

nents frxon tha +5A side exbibited lubricant breakdown znd impending
bzaring failure, A black tar-like substance was found on the +SA 
ballé and retainer. Pictures verc taken of these comﬁoneﬂts and arc

attachad to this report, The lubricant failure was verified by’

Singer-Kearfott motor engineering,

(e

=
=

cL
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) 8 O N & RECOMMENDATIODNS

The out of specification ranﬁom drift valuc and appraent motor do-
gradation as evidenced by erratic and diminishing total RDT and 20-0
RDT were caused by a lubricant breakdown within the +SA spin motor
bearing. The exact cause for this lubricant failure could not be
deterwinad, This type of breakdown occurs on very rare occasions
and, with Kearfott!s present tried and proven method of motox assem-
bly and tlesting, cases of this nature are most infreguent and randow
' N
in nature., The Alpha II rotor design has proven itsclf in space on

several programs such as previous Nimbug launches, Lunar Orbiter,

Mariner, and 0AO, All of these programs utilized a motor design



identical to S/N 1 and were all quite successful, "Runninyg time in
eXCussS éf 18,000 hours Gas measured on the Alpha II gyro in Nigbus
C. The only other known Alpha II field failure occurred when a gyro
was centrifuged with the motor off causing the gyro motor bearings
to become brinelled,

It-is Kearfott's considered opinion that this failure was due
neither to a design égfect nor to a workwmenship error, but rather
that this is one of thosc unexplained stalte-of-the-art failures
which randoﬁly occur, Al) in-process inspection, build, and test
proccdures afe deomed to be adequitely stringent for preventing de-
fects of this nature to be expervienced in the field., There will} ba
no recommendations made for sny changes 1o he incorporated as a re-

sult of this failure,

Iv-10
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SPERRY GYROSCCPE DIVIS 1
Sperry Ranhd Corporation

Messrs. A. Blass Filet 4222

H. Diamond )

R. Domini From: H. Wenhdel

W. Kozma

L. Leshkowich Dates 1 Apri) 1669

A. Squililante

Ts Wood Subjnacts Test of “"Temp-Plate"
Feo Yake‘% Temperature Indicators
on

on 3/12/69 the end cover was removed from Xearfost
Gyro $/N 1 to permit inspection of the temperature indicator
steip. Visual examinaticen by the writer and Mg. F. Yale and
Mo s Brooks showed the following:

The 1809F and the 230°F circles wers completoly
black while the 200°F and 2509F circles showed n»o
sigh of discoloration.

Based on these seemingly contradictory findingg, it was
decided to conduct further tests on the temperature indicator strips.
Sperry had purchased from Wm. Wahl Ce. a supply of "Temp<Plates®
for possible use on our ownh programs and the selection inecluded
the same strips (P/N 240) uvsed on the Kearfott gyres puzsthased
for the Nimbus RMP. Since ayvo 5/ L had undergone Thermal
VYacuum tests, a simulation that subjected the temp-plate to both
temperature and vacuum was performed. An aluminue bloeck with an
internal heating element and bell jJar assembly was used to conduct
the test. See Figure T.

on 3/12/69 the fizst "Temp-Plate” sticker was fastened
to the aluminum block under the bell jar and evacuated. By
means of a variable voltage on the heating element, tho block
was maintained at a temperature of L639F and the pressure undesz
the bell jar was less than 30m of Hg. The next morbing visual
axanination showed that the 1800F and 230°F circles om the sticker
were completely blackened while the 2000F snd 2%0° circleos remained
unchanged.

A second sticker was then placed under the bell jar and
a third was placed on the side of the aluminum block ouposed to
amblent pressure. x4

Again, examination the next morning showed that the 1800F
and 230°F circles on the second sizlp had hecome tompletely blackened
1t was alsoe noticed that the 180CF circle on the third stzip
showed some slight speckling. Strip number one was removed and
the apparatus was re=-evacuated and temperature stabilized at 165PF,

IV~24
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The setup was examined and temperature readings were taken daily
until 3/31/69. The LBO®F and 230°F circles remained black and the
2000F and 2%09F ghowed no signs of diacoloration. However, the
186°F circle on the external strip showed increasing blackness _
dally until 3/21/69 when it was completely black. All temparature
readings taken by thermocouple bridge, however, indicated a steady
temperature of 165°F,

A parallel test subjected a3 similar "Temp—~Plate™ strip
to conditions of vacuum alone and after 16 days at a pressure
less then 10p of Hg none of the circles showed any sign of dis~
ceoloration.

Based on these tests, 1t is Sperry's opinion that the
We Wahl Ce. "Temp-Plate"” indicators do not provide an accurate
record of temperature on the Nimbus/Kearfott gyro and overheat
damage claims by the gyro manufacturer must be discounted.

_ Ml Holis
H. Wendell

H#/go
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Appendix V

FAILURE ANALYSIS REPORT ON
KEARFOTT GYRO S/N 2
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SPERRY GYROSCOFE DIVISION
Sperry Rand Corporation

Mr. R, Sanzone Pile: 4222

Mr. T. Reilly Prom: R. Domini Fé x1527

Mr. W, O'Plahrety
Mr. P, Yoke Date: 28 October 1968
MYr. E. Whitocomb :
Subj: Summary of Test,
Pallure & Teardoun
of Kearfoit Gyro
S/N 2

1. Appended to this memo igs o copy of the Summary Repori of
the failure of Kearfott Guro S/N 2, purchased on PO 317113-82
dt}tid &8/18/67 and returned to Rearfott on D4-411071, dated
6/8/68.

2 Az the Swmmary Repori indiccies and is also my judgement,

the overheat condition was not the cause of jfailure, bui
the most Ilikely cause was the vibration test sequence appliied
to the system and gyro. The Sperry P-Spec. #P1581854 spezifics
that the unit must meet all the performonce parameters after
vidration and thermal wvacuunm,

ffearfotlt claims the gyro was overheated besed on the
condition of the temperature indicator strip.

This indicator dewvice was not inspected by Sperry a6t
receipt or during the period the unit was et Sperry arnd prior ito
its relurn. The sitrip was removed from the quyro priaor to Spevrry
oy NASA peérsonnel wilnegeing the teardown at Rearfott.

3. It is my strorng recommendatiorn to negotiate a fair seitle~
ment with Kearyoit, as there is come unceriainty. However, T
de chject o the Kearfolt statement that

Tthe svernect occurved ot Sperry and the ovarheat ig the
ceuse of feilure” . .

a8 iherve fe no direct zvidence to support this statement, [T
believe a 25% Sperry -~ 5% Rearfott share cf the responsibility
ard attendent cogts i{s ¢ reasonable setilenent,

, -~ 7/
7 -
L;EZEAMI_L_L% 2¢/
R jme . Domini i lé(
Ercl. ' Nimbus RMP Program Xgr.



SPERRY RYROSCOPE DIVISION
Uperry Rand (orporation

-

Failure Analysis Report .
Floated Raie Integrating Fyro
Sperry P/N 1200941
Rearfott Gyro Serial #2

23 October 1968

Prepared by ﬁ%/g’(ﬁﬂwff/ /é"é ?/5/ ol

H, Wendél 7
Ass't. Fng.-Dept. 4222

Apvroved bys /9 :,;_e,bm_‘ le ﬁ J&g
" omini

B 5. H. -Dept. 4822




Summary'of Acceptance Test and Teardown

of Kearfott Gyro S/N 2.

Kearfott Gyro S/N 2 successfully passed gyroscope acceptance
tests and lnitial RMP F.A.T. tasts at Sperry. The system was
then sent to NASA/GSFC for Vibration and Thermal Vacuum Tests.
It was then returned to Sperxrry for final F.A.T. tasting. The first
evidance of the gyro fallure appeared during the Final Acceptance
Test. The gyro was removed from the system and tested further on
a different set of electronics where the failure wgs coenfirmed.
Details of these tests are contained in CNAP #66 Appended herein.

The gyro was returned to Kearfott for fallure anslysis and
teardown. The failure analysis confirmed a conditlen of float
stiction most likely ¢caused by a particle migrating te a eritical
fluid gap.

Upon teardown of the gyro, no physical dgmage to the fioat or
other critical parts was found as would be expected if the unit was
overheated. The only significant finding of the teardown was the
blackening of the 230%F circle on the temperature indicateor.
Details of the teardown are contained in CNAP #67 also appended
herein.

Sperry Conclusion and Support Information

Conclusion:

The failure of Kearfoit Gyro S/N 2 was ‘caused by the presence
of a minute particle migrating to a critical fluld gap and not
related to an overheat condition if such a cendition did actually
octur. The migration eof the particle was probably caused by the
vibration testing of the gyro in RMP S/N 6.

Support Informations:

1, An overheat condition should have caused damgge to sen-
sitive float bellows, and/or suspension parts. MNo ‘- damage ef this
type was found during the teardown.

2, Tests of the Sperry Over~-Temperature Safety Switch
installed in the gyro show that the maximum opersting tempersture
of the gyro ceuld no% have exceoded 182°F., This was dotermined by
testing the actual switch usad on Kearfott Gyro S5/N 2.

3. A review of Test and Grooming proceduxes confirmed that
whe Gyro and Gyro Assembly is never subjected to 2n ambient temp-
erature greater than 180°F during any assoembly or test procedure.
180°F is the upper storage temperature limit.



4, ‘The temperature indidator wags not inspected by
Sperry Incoming Inspection as 1t {5 internal to the gyro case,
and 4ts condition when the unit was delivered to Sperry is in
doubt.

5. Kearfott Gyro S/N 4 was partially torn-down,
witnessed by NASA and Kearfott repreeentatives, and no indicatlien
of over-heat was noted on the temperature indicater. Gyre S/N 4
underwent the same Grooming and Testing procedurea as Gyro s/n 2
except for system tests in the RMP.

6 Sperry experience has shown that the size of
particles sufficient to cause float stiction is minutely small
and the probability of finding gsuch g perticle when a unit is
torn down is very low.

7. A particle in the fluid gap cannot be "created" by
overheasting the unit; 1t must be present somewhere in the fluid
from the time the unit was Initially assembled.

8. The Kearfott Gyros purchased under the referenced P.O.
"are required to pass vibratiion tests. Such vibration tests are
capable of ¢ausing a particle to migrate to & critical fluid gap,
resulting in the float stiction actuslly observed.

9, The presence of such a particle was observed only
after vibration and thsermal vacuum tests.



6/18/68

CNIP 66
Conference held at Sperry Gyroscope on 5/21/68.
Attendees: NASA GsE. Sperry
Ro Shelley R. Birch Ro Demind
: T. wood
A. Squillante
H. Wendel

1. Acceptance Test of )

Acceptance test of RMP S/N 6 commenced ai approximately 1100 hours witnessec
hy ¥Mr. Re Shelley, IMP Tooo from NAS&, and Mr. R. Birch Of G.EBs The ijbuS D RMp
Acceptance Test Procedure, T4310-10360 was strictly followed.

Testing proceeded normally throvgh paragraph 3.6, with all readings within
specification. At about 1430, the Hysteresls Test, para. 3.7 was initiated. The
bsseline RMP cuipui was +5 mv, corresponding to a + 0,17 degree/hour bias. As
prescribed by the %eszt procedure, & +5 ma bias current was injeched into iie iorque
feedback loop from the BTE for a pericd of 5 seconds; then removed. During ®this
5 szconds the gyro float stands off from 1ts null posi%ion approximaisly 10 arc
minutes. The RMP did not return to the baseline value, bufh rather retined %o a
veloe of +25 mv (+0.87 deg/hr) and then commenced to ramp smoothly for the nexit hour
%0 2 valuo in excess of +100 mv {+3.5 deg/hr).

A direct measure of the torquer volitage confirmed thia was not au error in
readout voltage, but & true mechanical terque on the gyro float.

4 small current wae summed into the loop from the BTE. The change in output
voltege was correct for the inputcurrent indicating the gyro float was not sticking, but
rather was being acted upon by same sort of spring. By metsuring the torg:e {bias)
change ag a funetion of float angle, the value of this spring was estimated %o be
2.6 dyne-cm/farc minute, which is much greater than the normel cutput sxis spring rate.

The torque feedback loop was disabled and it wes noted that the pyro flost
gud 2kly displaced sbout 2 arc mimutes confirming ¥the magnifude of the spring.

Upon restoring the loop, the FMP onipnd returned immedistely %o she original
bag=ziine value of +5 mv, A svbsequent negative, then posltive hysteresis esh resud:ied
in aormal cudput returns, but the next positive test resulied in a return o +150mv
{+5.2 deg/hr). The next negative test resulied in a return to +120 mv. W thout fyriker
testing, the unit was sllowed to run overnight, during which period the RMP oubput
slosly drifted from the +120 mv value cul to +155 mv, then gradually reversed and
Ard. fted back o +110 mv by 0840 the next morning. Two more Hysteresis tes s resudltied
in ovbpat readings of +180 mv, and +15% mv respectively. The urit was then - commanded
off. A ssmple of the test data is incloded in Appendix A. '
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2. letest of Kearfott Gyro, S/N 2

on %/27/68 the Kearfott Gyro S5/N 2 was removed from RMP
S/ 6. Sperry/NASA agreed to conduct hysteresis tests on the
unit on the gyro test station., Hysteresis tests were conducted
per T Spec #4310-10842. A chronological summary of the tests
results is presented,

5/29/68 - The gyro was mounted on Test Stand K20 Qutput Axis
Vertical Positive end Up and IA directed East. ‘Uhen
stabilized at the operating temp. of 164°F the wheel
was energlzed with 26 V 3 § sine wave excitgtlono t
this time the gyro exhibited a bias of ,008%/hr. Hheei
excitation was removed and the electronics shut down,
The gyro was left at room temperature in this attitude
cver the weekend.

5/31/68 Heater and elec¢ironics on and gyro stabilized at 164°F .

0&u0 Wheel e<ui§atlon applied. Gyro bias ai this time was
again .008°/ Torque feedback loop opened and floai
driven %o 18 mv out-of-phase for 3C sec. [LEquivalent 1o
10 min, per T Spe¢., 4310-+10842. Loop closed and raie
stabilized at .C08%/hx, Repeated in-phase and for 3
cvcles. Each time vate returned to .008%/hr. Excitatricn
removed and electronics shut down. Gyro allowed ¢ cuol
down to room temperature.

5/31/68 Electronics on znd gyro temp., stabilized. Output axis
1415 _ vertical positive end up and IA directed East, itheel
excited. Gyro bias erratic betweer +6.8 and +5.6%/hr.
Open loop = drive to 18 mv.. in phase. .Clese luup -
‘vate returned to +3.2%/hr. Open loop - drive tc 1€ me
out of phase. - Close locp - rate returned to +0.30"7 Fhe,
Cpen lonp = drive to in phase stop ~ 335 mv. Clerse lcop -
rate returned to +0,.02°/hr., A gample of this test run is
included in Appendix B. Excitatiorn removed - electronice:
off. OGyro allowed to cocl to room temperature ia this
attitude over weekend.

6/4/68 Eiectronics on - stabilized at 164°/hr. Whael evcitaz.
1330 Gyro Bias was -5.6%/hr. Open loop ~ drive to in phass
Witness stop. ©Close loop « rate returned to .04%/hr, Hvsteresis
Ts ¥Wood test repeated for 3 cycles. Each time rate retuvned to
Fe Yake .0409/hr. Data witnessed by Mr. T. Woeod (Engr.} and

Hdr. FoYake {Q.A:). Wheel & electronics off. Gyvo zemdyad
from stand.
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Conference Held at Kearfoti on 3/6/68

Attendees: HASA " GaeEo Sparzy €z3:Tott

A, Babecki g, Bireh 8. Domint T. Hrophy

R. Shelley A. Squillante F. Sithaums

L, Arnowisiz ' . S, liolding
Subject: Teardown of Keaxrfoit Gyro s/8 2
ls The meeting was held at Kearfoit %o wiiness the teas:dewn of
Kearfott Gyzro §/N 2. OGyro test data obtained at Sperry ONAP i166)
and at Kearfoit was reviewad. This data indicsted the b;_s

nd at Kesxr#fatt,

anomaly was wlinzased at Spezxy &

The temperature indicator sirlp located under ths 3ro Sovex
was veviewed., This indicoter has temperaturas sensitive ‘dois,
calibrziod at 1BCOF - 200°F - 23C°F snd 23007, which ar» acrrally
duil gray and furn black when the epenifisd temperaturc i:x reathed.
The 38CO%F, 2002F, and the 230°F dots were black, indicctiug thas
some tisme during whe life of the gyre, it was SULdGua:! :

3 o ZI07F or
roﬂm s a +ha awdmum . a temmAarstymae
DOYE zheove the naxisum storsgs fempozrziuza.

2a The gtitendees wiinzsssed the siep by sted teandsun ! the uanii,
The foilowing sy gensral comments:

o Vieuzl Inspection cf outer packege parts and thy Hormatlis
sealed flost asssmbly indicatoed ne appsrent signe o

overheat, te ne ballows, jewel pivot or step dansc¢s, The
keatar ¢ensor sin was not available for inssssiime Ko
chbvious slgns of hang up, i3 wishers or fereign psraicle;

vas not2ds

. cleaznsd to romove all traces of thao Jdanpiap
re-inspatind under & mizressopz, Wy cbviaus
ent danag? was noted. The "Deolvin 3uep™ was

r2lnzd gnd fomparzd with "new sieps”. My signs of
wore gpparent, hovwavar, some fidbres wore prolvuding
suzfzee af tha ctep, The"hani up®™ and raxiuzed aigh
torcional restrvalint coculd ke caused by ore of ficr 3
treaking ioose and reontacting ine floai in a 2isze nlearance
T8 e
3. Piobis
Ao g ro the followiyg itenm: wror listed and
gt tion




‘3.1 Excessive éettling-ﬁime of gyro = witnesusd at
- Sperrye.
3.2 Intermitient stiction (hanhg-up) during firal
hysieresis test at Sperrye.
3.3 Intermitient stiction (hang up) during unit re-
. . test both at Sperry and Kearfott.
3.4 Intermittent stiction during yozzle tast ot
Kearfott upon reiurn of unit,
3.5 Evidence of unit being subjecxod to 23077 -~ 250°%F -
Noted at Keavfoti.
Action Ttoms
3.6 - Keaxfott to continue detsil meclw nical invpection
of partse
3.7 Re-~assemble criticel parts to try to dup.icste
problen {Kesrfott)
3.8 Inspect temperaturs sticker on ontn‘ype THMP
S/N 5, Kearfett Gyzo S/N 1 (1ASA/GSFC)
3.9 Kearfoitt to veview Raliakility data fox similax iype

malfunctions.

3.10 Elevate temparaivrs atlckc¥ from Cvre SfH 2 to 250°F
' to ¢hesk ca i bration of last lot (NAGA/LIC).

3.311  Spurry - Raview proceduzzs for assznhly ud tast of
Kezxfoti CGyro fox over tenperstire DPnazilvlitios.

3,12 Sperry, Kearfoti, NASA/GSFC ~ check ﬁ
sticker on Keaxfoii Gyro S/N 4 at Sps
conpleted FAY fest.

3.123 Inzluds hysteresis tesis as trend dais o0 ATS %t GE,
(hﬁSAJuPFC)o _
r
3,14 lest temperature sn‘cker dasign « canibr-=ien in
- vacuum eice (WASA/GSFC).
nsn lhams
=X & ! - Jovarhoat
ar 5 D11 zssembly
§c B Wuoed oablzin
& anfeii I 3 that
am with all units.
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Disﬁosition of Kearfott Gyro S/N 2 -~ Rebuild ?
Disposition of RMP S/N 6 - RMP S/N 6 will be held a3t

Sperry until teardown analysls completed on Kearfoti
Gyro S/N 2.
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KEARFOTT GROUP

1150 McBRIDE AVENUE, LITTLE FALLS, N, J. 074é4 | 201-256.-4000 | TWX ?10-983-5760
TTKEARFOTT SYSTEMS DIVISION

Sperry Gyroscope Co.
Great Weck, Long Island
New York 11020

Attention: Mr. R.F. Thomson

Buyer

Subject :

.~ Reference: 68-4305

August 23, 1968

Failure Analysis Report for Gyro C702564015-1

Serial No. 2, dated 16 August 1968

Reference: P.0O. C317110-82

Gentlemen:

Transmitted herewith is one (I} copy of the subject document.

ECS:ml

Enclosure

KEARFDTT_G?!DUP: Vearforn Pronseis Dovesaan | Roarisn Systaay sti:.t'l SR Uevissn | Adraseila Retaacer

Very truly yours,

*

OTT SYSTEMS DIVISION

A ]
y /,/:/ .
(ole be%‘,
E.C. Sental, Sr.
Sr. Contract Administrator
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Kearfott Systems Division
Failure Analysis Report
- €70 25%4 015-1
Floated Rete Integrating Gyro
Serial No. 2

. August 16, 1588

Prepared By:

"

2
L. wzils
Quality Enginoer

- ———

T T
[ B N

Section Hend, Quality Fnginszering
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History

C790 2564015 g assenbled for Sperry Gyroscope .
Company For L v, bested in secosdance with
Acceptince e 364015 maevigion A ni ine

ry on 2Y/20/67, Tha:
received by Q;e.rg, subjecied to incoming 1nbp‘ct
test, accapted, and assembled into RMP S/ Du
accaptance tast of the pachkage at Sperrvy on o: akb
5/21/68, thz gyro £loat waz btorgusd off null with a bias
curren: of +5 ma in accordance with the. test prOCﬁdurc.

cident. and do

Wion the Lias current was renoved, the gyro float failed to
return to its originsl position. Further diagnosucic te sts
eonfirmed the ewistence of a torgue causing the float to:

disnlaca, The g
in a G insensitive att

s‘r&movéﬂ From tha paciiagzs, nounted
ite
5/29/0o "ﬁu 6/4/68, Thesa tests co
Je
o

odically tested batween
ifirmed an erratic gyro
biag. ‘e unit was ro urasl to KED on
6/11/68 for varificati

Vecification ?:nd‘ﬁ”f

The following verification program was conducted:

tia unit was examined
delects warg neizd, excent wvhat ap-
1 veasd on oubker case.

A. Visopl emani
and no signif
peared to be

B. Resistanca chacks - on &€/23/68, resistance and insula-
tion resistance was checked 2nd found to b within
specification,

C, Bix position drift tost - on 6/26/83, &
drift test was perforrnad. ALl paranastar .
specification; howsvear there was a chang
torgue (R;) from the pre-ship F.A.T. data,

tabulated datn)

E. Yozzle test - on 7/1/68' yozzle tesks ware. conducted,

and did exhibit an wnusual dlqconL_dulLJ coming off -
the in-phase stop.

F. "Six position tests - on 7/5/6% ard 7/8/68, two six
position tests ware conducted and the values ohtainsd
during thoe test of §/24 ware approvinately duplicatbsd,
(S2e tabulatad data)

V-13



Torguse
Szcalz
Factor

. S8ix positicnh test - on 7/8/63 a sin position test was
perfoLde after degaussing, and o significant changs
in R, was noted (seca tabulated data)

: . . _ After
FAT . FAT FATD Degaussing
Spec R B c Varif - Varif verif Verif
T 11/6/67 11/7/67 Y1/8/67 6/26/58 1/5/58 T/B/68 T/3/6%

et

132+13]135.2 i 135.8 | 13€.1 | 135.1 | 135.8 | 135.6 |135.8

+2.0 -,01 | ~,020 -,024 -,453 ~.353 1} —-.360C {+.020

a8}
o
[ta)
-+

L]

m -
ol
o

K

~3 (51
L)
B

+.303 SR S I ST A R

+
=]
w2
)
+
o
(39
L
+
.
=]
-t
+
.
o<
-
=5

+,198 {4,217y

To further evaluate the failure, disas saﬁhly of the unil was
dirscted. Key parsonnael from Sverry, G.E., BASLA and K8D wzie
schaduled to witnnsas the tea:dﬁ'ﬂ. In preparation for the
teardown, extarnal covers and wiring ware reamoved, During
this prelirminnry teardovn, it was noted that thﬁ tenparatace
indicating davice, install during dnitial assambly, indi-
cated that tnz gvro had bzen ovarheatsd tou a temparature in
excess of 230°% but lass than 250°F, oOn B/6/€8, the teardouwn
was performed and witneszed hy the fol'owlag poonle.

G‘)

Mr. L. Aronowiiz IASHA

Mr. R. Shclley NASH

Mr, A. Barboki NASA

Mr. A. Sguilanti Sparry .
Mr. R. Domini o .Sperry

"Mr, R. Birch G.E.

Mr. T. Brophy .KSD
Mr. P. Schausr KSD '
Mr, L. ¥=llsg - ESD

. e
Teardis o 0fF €
1

feots, end alihough son : .
it was agresd that thoe unit
tion, damage, or faulty wor!
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Po complele the analysis, mechanical neasurements were made
of the disassaabled parts to determine that internal gaps
‘between adjacent parts were sufficfent to prevent interfer-
enca and nang-up. The following tebulated data shows the re-

sults of those measurements.

Mezsured

In addition, pivot and jewel diams
surfacs irregularities. Profiles ©

Play : .0010 to .0015

parts. Ss2 Fig. I.

V-15

Parametar asign .
‘Reguirenent Value Remarks
Float OD Size (2 places) - 1.5¢70+:3208 1.5073 .0003 OHL
' 1,5003
Runcut of Float L00G57IR .0004
0D from jewal L0003
{2 places) :
Toryg Rotor OD Size. 1.218 Hax.- 1.214
Torg Rotor ID Size. 1.134 Min. C 11316 L0024 OLL
Runout Rotoxr 0D .0005 TIR , C L0005 TIR
Runout Rotor ID L0005 TIR L0025 TIR Irregulaz
L0020 OFL
+.,002°
End Bell Hsg ID Size 1,230-.006 1.2320
Runou® E3 Hsg ID ) .0003 .0004 .
from IM.S. :
. _ +.00¢
Return Path 0D Size 1.126-.002 1.1188
Runout Raiurn Path L0015 iR .0003,
from 4,8,
Gyro Heg. ID Size 1.527+.001 1.526
Runout Hsg ID to Piveot OD .002 TIR | .0010
Float End .00105

ters were measured for roundnass and
ztainad wzre indicative of accantabls



I1I1

IV

Conclusions

The nature of the failure appears Lo be stiction.  Test
results and teardowa findings indicate that stiction was
intermittent and probably caused by a particle in the

fluid migrating to a critical gap; most likely betwsan tlis
pivot and jewel. Tha change ia the restraint level was
magnetic in nature since deagauss resulted in the original
restraint valve being obtained. The gyro appsars to have:
been exposad to & high temperature environment, and a -
magnetic field. Since no evidence of ianternal contamina-
tion wes visiple during teardown and no other significaent
defects wore noted, the exact cauvse of failure cannat bz
stated; howaver, in the absence of such evidence, va must
rely on exparsiencs and Judgmeut to deétermine Lhe probable,
cause of the failurae., Based on the evidence at hand, it

is KSD'y judgment that the overheating of ths gyro daveleped-
a condition which caused the reported failures. Since the
gvro was heated ahbove its oparating temoperature, the internal
pressure would have reachsd critical levels sufficient to
causz this failure. ' ' :

The failure is attributed to exposure to abnormal environ-
ments at the custerzr's facilitiss, and no corrective ac-
tion is anticipated at KSD. Howsarur, - it is recommandoed
that Sperry invastigate the use of this unit in an effort
to uwncover thz source of high temgecature angd snagnatic

field,

V-16
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Appendix VI

SYSTEM ENGINEERING PROGRAM PLAN
FOR NIMBUS D RMP CONNECTOR CHANGE

VI-1
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l.1 This Program Plan describes the tasks associated with change
of the Nimbus 1 RMP Connectors from gold over gold to gold over
silver plating as directed in Centract Modification #9 teo
Nimbus D RMP, Program NAS 510391, dated 12/20/69.

1.2 1t should be noted that based on past experience at Sperry
Gyroscope Division, use of gold over gsilver connectors has
resulted 1in sericus problems such as intermittent contact dus to
generation of silver sulfide which emenates thru the sometimes
porous gold over-plating.

The direction to use gold over silver plated connectors on the

+ Flight RMP and Space RMP as specified 1n Contrect Modification
#9 will be followed. It 1s necessary, howsver, to inform NASA/
GSFC of Sperry®s experience with gold over silver=plated connact~-
orss This information had been presented at several meetings ;
at CSFC during August ‘and Octobar 1968 and racorded in various
telecons and Nimbus Program CNAP"s. A NASA/GSFC Parts and
Components Evaluation Report PACER 201-001 issued March 30, 1963
substantiates Sperry's findings with respect to formation of
silver sulfide. A copy of the appropriate section of -this
report 1s included in t+he addendum. .

In conclusion, Sperry advises 2gainst the use of gold-silver finish
on contact surfacesy however, Sperry will follow the direction
of Contract Medification #9, '

1.3 The Program Plan consists of the followinog major tasksm

Task 1 =~ Rework of RMP S/N 7

Task 2 -~ Rework of Kearfott Gyro Connectors

Task 3 ~ Rework and Requalification of RMP S/N 6
Tagsk 4 ~ Fabricate Spave Harness, RFI & Invertex
Task 8 « Program Management )

SCHEDULEs

2.1 Figure 1 illustrates the schedule requirements for the 5 tasks
of this program. .

JASK/MILESTONE DESCRIETION:

The following paragraphs describe the tasks and milestones per the
tasks listed on the schedule (Figure 1)}.

Tagk 1 - Rewosk of BRMP S/N 7

This task covers the work associated with medifying the existing
harness & RFI (P/N 4216~90956-2 and P/N 4310-90627-902) S/N 7 and
Inverter Subassembly (P/N4310=90433) S/N 7 from the mainstreasm Nimbus
D RMP program to:

1} eliminate solder voilds in the connector cups

2) change connectots from gold over gold to gold over silver

3) add rigid heat shrinkable tubing where possiblie on the existing
harness. :

. To accomplish the first objectives of this task 8 sound technical
apprecach has tc be taken Lo develop a procedure for obtaining satis-



factory (veid free) solder jJoints., Once thls procedurs hag been
developed, re-soldering of the harness and inverter with gold
over silver connectoxs can be initiated.

-

Rir

up-tark el Deyvelon Soldering Teshiplgue ang X-Rgy
Progedure

Sanple solder conneciion: will be wade
using Caztnon ane Gontinental {gold nver silver plated) connectors.
Y-rayz: wiil he tzken o exsuina the soldey jeints in doetersine
whirhk ars accenh'able. Thess x-rave snd the salder technlque
mili he xevievern by NASA/GSFC parssunel.

The oppresch to be takan i a5 Follewss

o Gronsult with beth Spesyy Materlals
Tepartaent aod CASASGOFD Batorials Departmncoet fer soldaring

a

ap faormrtion.
v Javestlyess coesnestur wolisring by
ptihay tetpariss tdch ss SRALL, Foexfotl, enf.

o Conwigel wonfestor manuiaciuzayrs &
sordzring  sivn Zanufacturere fer seldering {nfaymalion,
Porford controlled taste %o isclate. the
eguse of volded solder connveticng, a2ad sbisin accejpteble .
solder Jeirnte. Invesilgsate vhs affects zf the follsuing proposaed
veriables, ‘

Hgat spplication ; oo

duration
area
control

Iron type

Solder type :
Flux type & mro-fluxing of luads & cups
Pra-tinning of leads & cupys

Wicking methods

Spnldering ceguences

Cleanling procedures

including wmechanical & chemical cieaning
plating effects & connector size offects

Further testing will be neceseary to develop
# procedure for retouching voided connections. In addition,
connector acceptance tritericn must also bo sstablished.

. It is expectad that the testing will
necessitata anproximately 50 tests uwiilizing thirty connectors.
Assuming thet one tn two connsciors =111 be seldere¢ per day,
and 3lloting time to »-ray and oveluzie, the testing should take
about 3 1/2 months (frcluding 2 1/4 months for soldering). '

Noter 211 vl
Sron

'

4

vy O
C e

erdng tesks wiil bhe witnescod by engincering or
of

a

o


at.ee*-
wj.ll

An Englineering Bulletin detailling the
soldering technique and x-ray procedure will be genorated
and 1ncluded on the appropriate drewings. Drawings will be
modified to réeflect the new E,I., plus an informal engineering
report will be writien summarizing results.

Sub-task 1,2 ~-Connecior Change

Harness S/N 7 and Inverter Assembly
S/N 7 will first be x-rayed to deteramine the extent of solder
volds in connector cups. 7This will be accomplished at NASA/
GSFC, with Spexry Engingéering and Q.A. in attsndance.

All connections will be marked and
iaboled to facilltate re-connection and eliminate wiring
termination érrors. The Cannon connectors will be zremoved
and GFE gold over siliver Cannon <onnectors with thick wall
heat shrinkabic tubing (GFE) will be veconnected. All
connector rows shall ke x-reyed and specific ping will be
re-touchsd &s requirec to obtsln acceptable connectiosn.
After acceptable x-rays have been obtainsd {aspproval of NASA/
GSFC) and the cofinections have passed NASA/Sperry visual
indpection the heat shiinkzble tublirg will be placed over
the connections asnd shrunk in place.

_ The &ame procedure will be followed
with the Continentel connectors, with the axception that gold
over gold plating will still ba used on Harness S/N 7 and
Inverter S/N 7 to minimize schedule dolsy. These cennectors
will be taken out of Kimbus D stock, In addition thin wall
heat shrinkible tubing (Kynir) will be employed on these
connactors.

. No medifications will Le made to the
solder connections on the Elco connectors as these are stratght
pin types.

_ After coapleting the re-work of the harness
and inverter, termination checkout and C & R test’'will be
repested and appropristely noted. The harness will then be
svailable for asseably inte RMP S/N 7., The schedule (Figure 1)
notes the asvailability date of the reworked harness. - '

" Tpsk 2 - Rgwork Kearfott Gyro Connpctors & Morasglization Package

This task includes ell the necessary effort to rework the
gyro connsctors and gyro normalization pasckages. Three Kearfott
gyros and normalization packeges will be reworked, S/N 2, S/N 3,
and S/N 4. The work effort will be broken down as followss

L



s Keazfott tiyre S/N 4 -~ Rework for RMP S/N 7. Use
gold over gold connectors {schedule purposes) identify each
wire and re-tolder using new technique, X-ray connector
solder joints and subiait x-rays to NASA/GSFC for approvel.
Use Kynar thin wall shrinkable tubing. Perform ainimal
ro~FAT of gyro.

» Normalization Package S/N 4 - Rework for RMP S/W 7.
Use gold over gnld coiinectozrs, rewire entire package, re-solder
x=ray and re-inspect., Submit x-rays to NASA/GSFC for approval.

« Kearfott Gyro $/N 3 and S$/N 2 < Order new gold
over sllver Continental connectors, re-solder, x-ray and inspect.
Uge Kymar thin wall shriqkable tubing. Parforn re-FAT of each

gyro.

+ HNozmalization Psckages S/% 3 and S/N 2. Order new
gold over silver Continental connectors, remove conformal coating
rewire both paecksges, x-ray and re~ingspect. Submit x-rays to
NASA/GSF for aspproval.

Task 3 -~ Rework and Rogqualification of RMP S/MN 6

RMP S/N 6 had been fully qualified rosdy for acceptance
and placed on hold uniil resolution of the soldering/connector
. plating problem, This task covers the work scepe assoclated
with dissssembly of RMP S/N 6, rocassembly with spara perts and
full FAT and qualification testing. In summary the work effort
will includes

. Removsl of Kearfott Gyro S/N 3 and x~ray of the gyro
and normalization connectores. Witness of this tesk and exan-
ination of the x-rey by Government Ropresaontative at Sperry.

+ Removal of PC cards, Inverter, Harness and RFI
. assembly, All 1tems are to be placed on hold.

o The mechenical-structure must be cleaned and placed
in Flight Hardwere condition. RMP S/N 6 shall be re-assembled
with the spare PC carde, Harness and Inverter, all S/N 64 and
reworked Kesxfott Gyro S/N 3,

Perform FAT and Flight Level TV Qualification Tes ting
of RKP S/N 6 at Sperry per appropriate Sperry tost specs.
Perfora Flight Level Vibration et GSFCe See schedule in Fig. 1

::z’milcotono. Delivery of RHP S/N & is scheduled for 13 June,
»



Tagk 4 - Fabricate Spare Harness, RFI & Inverter Sub-Agsenbly

This task covers the work associated with manufacture
of a new Harness & RFI asseably P/N 4216-90956-2 and 4310-
90627~902, Inverter Subsssembly P/N 4310-90633., Specific items
ares

« Order'Detsll electronic components for the RFI and
Inverter plus sheet metal parts. Purchase Hi Rel items whore
applicable and screen standard parts per the Sperry Screening
Procedures.

« ‘Order Space Wire as required and new shoxrt pim,
gold ovaer silver, Elce connectors, and gold over silver
Continental connectors.

+ Use GFE gold over silver Cannon connectors.

« Make all necessary drawing changes per latest
connector informstion and fabrication information for harness.
Gonerate E,B, for harness fabrication.

o Fabricate ome Harness and RF] Assembly and Inverter
‘Subassembly, x~ray wll connections {excluding Elco’s) and
inspect. X-rays must be reviewed and accepted by NASA/GSFC,

Task B ~ Program Management

: Provide Program Management consistent with level of effort
of this eddwon-prograes, : '

o« Overall =zesponsibllity of this task in conjunctisn
with the Nimbus D asin stream program,

o Customer lisison

+Coordinate all Sperry efforts including contributing
departaents, 1.0.y WeAs, Dosign, Purchasing, and Works Manegement.

« Cost and sthedule control information, generation of
task plan and necessary estinmates and control of budgets.

o All task documentation including plens and progress
reports, telecons, conference notes end submission of engineering
data as required. : _
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UNITED STATES GOVE ANMENT
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Memorencum
; PACER 201-001

™ ! Distribution List : " DaTE: March 30, 1965

" FROM : Mr. J. C. Rubin
Test and Fvaluation Division, OTS

suBjectT: Review of the Problem of the Format ion of Insulating
Films on (old Plated Contact Surfaces

SUMMARY

Contact surfjaces of electrical connertors, electroplated
with gold in acccrdance with MIL-G=-45204 specification, have
been reported to develop semiconducting o insulating films in
the presence of rulfur-bearing atmosphere:. The condition is
especially critical for circuits operating at low voltage and
low current leve's, Investigations have shown that the hase
metals of the cortacts, such as copper, zing, and silver, beneath
the gold plating, combine chemically with atmospheric sulfur,
producing a sulf:de which diffuses thrcugh the gold to form
films on the contact surface, Attempts to minimize the problem
have led to only two promising solutions:

{a) gold over nickel plating.
{(b) hard gold over soft dense cold platlng.

A survey of handling techniques for jold plated connector
contacts indicates that alumina-~in-alcohol cleaning can remove
considerable amounts of the film buildup without damaging the
gold plating, and that use of silver-saturated protective cloths,
shrouds or filters tends to retard film formation in sulfur-

' bearing atmosphe:lc environments.

INTRODUCTION

Although not widely known amonyg component or design
engineers, it has been well established in electroplating
literature that thin gold plating over copper or silver is
insufficient to prevent formation of discoloring surface
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films after mon .hs of storage, even in "clean" atmospheric
conditions; in the case of marine or industrial atmospheres
the film formation period can be reduced to weeks, or in
extreme cases, =ven to days. This visible evidence of film
formation on contacts has not been publicized outside the
‘electroplaters' technical literature, nor has a solution

to the problem, been proposed, inasmuch «s field performance
of discolored connector contacts has not, until recently,

" been recognized as a problem.

Routine hadling of connectors in issembly, and repeated
mating and unma:ing of connectors has generally proven suf-
ficient to initially scrape away any su‘face film. After
assembly, the film has not presented a problem because circuit
applications have usually invelved voltige and current levels
of sufficient ragnitude to maintain norwmal contact operation
by breaking through the film as it formed., Film formation can
however hzcome a problem of serious magaitude if yoltage and
current levels are too low to rupture the films. Under these
conditions, high-impedance operation, rectification,  intermit-
tent contact, or complete open cirxcuit operation can take
place, dependent on the severity of film formation and the
signal level, '

The primary objective of this reporst is to bring the past
history and present knowledge of the diifusion-migration and
film formation problem in gold plated connector contacts to.

-the attention c¢f interested NASA personnel, and to examine, on
the basis of tte latest available information, the effective-
ness of the most popular and the most promising approaches
to reduction ani correction of this problem. While much of
the study has reen confined to the nonuagnetic type of ‘contact
{free of iron and nickel) the information and conclusions are
generally appli:able to all connector contacts and to many
gold plated ele:trical surfaces.
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Appendix VII

REPORT ON MALFUNCTION OF RATE MEASURING
PACKAGE FTo04



GSFC MALFUNCTION REPORY - NO.A-00806

Q7 Project PPy R BT T® Seacecrat ST Operarion  BR% mt@ay/
: s 3 o e s ; o e
W orsis D R = Rl e
(5), System or Experiment 25 i8) Date & Time] ¥r | Mo | Doy Timo  [(7)Oote | Mo | Doy E-" (IBK:'“I:::'
Yilaleleirl lobl@lulale | 7]€ls lmgsisay of wetnetion |E)Z)7| |21/ |AF] @] R i/} |2 7550 0 e
' ' - ' IDENTIFICATION HUMBER S$ERIAL NUMBER MANUFACTURER )

MAME

9 'Componom
A L LLLLELLLLLL BEregesaZ il 1L 1L (ASeeer
{10} Assembly

S T A e O A Y :

(1) Sub-Assembly . )
ilewirlslzWstz 1A ||| | P2iviggeiissia | | || || P]SZeco
{12 Pont Monufactyrers Part Mumber ; _‘;.E Circuit Dos, o
ifolelet 11111111 L | PRlelrrizled] | B 218A 7 p remens B
(13) Malfunction 1 walification Test 3 [ lategration Test 5[] Lounch Dparations 7 [] Bench Test

Occurrad During 2 ] Acceptance Test 4{"] Pre Lounch 6 ] System Test 8 {7] Post Launch
(14} Environment 1 [[] Accelecation 3 ] Thermol-Yacwum 5 3 Humidiry T[] Ambient

When Failed 2 ] Shock 4[] Temperature & [V beotion B [ Acoustic

{15} Acrtian te be Token on Foiled Unir: Afr?ﬂ FO g7(:—‘ J’,ﬂx/ﬁ(_"‘ﬂ DA PTG Y IT i D LD

Deocumont Number tha) Authorized Foilure Analysis:

{18 FERENCE .
iéiéﬁﬁog Book # rd Page ZJ Test Procedury @oﬁfﬂéﬁd Para f
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| P A petp il FRiE COAEDET PRt CD fPTEEAD AN BTRD Tt BT e e
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(18) Originator, G375 e~ |Phone: . TG - 57 = p FH G\ Oraoninavion: Lvrener pr drugine Syt . Livenatr” Ko pacer |
/ Do Mot ¥rite Belov This Line <

INSTRUCTIONS

{1} Originctor — Fill in blocks (1) through (18}, with oll known information,
as defin=d in instructions on the back of this forn.

(2) Distribute copies inaccordance with project directions.

GSFC 4-2(0/67)
Copy 1
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CNAP K80 ‘
Conference held at NASA/GSFC on 2/5/69

Attendees: HNASA SPERLY
R« Shelley i R. Domind
S« Welland T. Woud
He Press
R. Dovlin

Subject: Flight Model Nimbus D RMF S/N 7

1. The purpose of the meeting was to review In detail the rapaiy
of the brolen lead 1n RMP S§/N V.

2. Post vibraiion FAT testing on 1/24/69 indicaed an e¢pen in
the STE/RMP tast circult 3o RED §/N 7. It w s detozeined iLhat
& broken lead occcurred at Pin ['J7-23 on the Fl:o Conncetor.
At that tine it was agreed npsu by NASA/Speruy to snoen RiP
S/N %, 13f the RFY assembly and splica a2 nev wise 14 plase.
The repalr was made and RMP §/i 7 was placed in TV tzsi.

3. RMP S/N 6 nystem was used to deansnstrate how the viza~y wae
accorplished on RMP S/N 7. A hrief description »f tiig vapals
was Civen. After securing the RFI assembly in a walsad sositlien,
two crctions of lacing were zcrnoved frosm the wire bumklie to
frze %ne broken wisze end. The lead was zedi: gsed, tinnad, ane
insertod funte one end of & %inied splice slerve. The and of
the vire was hooked ihrough ! opening in tie siszave. The ok
procefuze was used to secure 2 length of wive to the uvihar znd
of the splice sleeve. The uplice sleeve wmas then £flled with
soldes znd a doulkle walled poilveolesin sleeve sheurl over the
splics. The wlze was recennei o3 to terminzgi J7-¢3. The spiiz:
and sire burdle usre secuwaly !aced together and oo duve addacs
upuss4d torcinals on J3 for addad supsmezt. Boefox. sofourisg thg
RFI acsenmb’y in place, all haziess bundles w re coaformally eoins

4o TE was mutnally sgreed upon by all attendses that a woerkwaarshi;
vibration would rot be pevfoita-d on RMP S/N % as & subsvysiem.
It was the oplnien thal the vcalr wes cound and thai ns advew.:
affect was Imposed on nther wires and hzenes. bundies o3 &
resuli of waking the repatr. ¥n addition, tie syriom weild be
vibrated as part of the ACS and agaln when i-tegrazed with the
Himbve D §,/C.

5. Per Spezry’s recommendatiens vogarding medif catien of all ewioiin
BTE crnsoles (see CNAP ¥72. wi h attached Miubus Tolecon G427 0



thin trip provided the opportunity to modify BYE S/N t at GSFC

ac;cuding to the procedure detalled in the appendisx oi telecons

#540/942, The contrel panel of the S/N L BTE was removed to

provide access to the wiring.,  Inspection revealed that moditication

=nid € ware unnecessary as the console was already so wired.
it7ication b was accomplished by a NASA techniclan. To.accemplish

] wove of the Surrent Monitoer switch comasction from J9 to Ji2,

it wme NuCessary, and desireable, teo move the T return wire

A,

ok J12 te J9.

BTE's S/N 2 at Spegry, and S5/M 3 at GE/VFSTC, have
nnt, as.vet, been modiiied.
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ELECTRICAL STRESS ANALYSIS AND
INHERENT FAILURE RATE PREDICTION
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1.

Introduction

This report presents the final data and conclusions drawn from an electrical

- stress analysis and an inherent failure rate analysis on the Nimbus "D" Rate

Measuring Package less the gyroscope. It presents this information within

the context of the conditions given below.

This final edition (August 1967) of the subject report supersedes the pre-
liminary edition (Report Ne. 6220,5128) dated March 17, 1967, in its entirety.
The preliminary report considered the electronics less the 5YG-4200 gyroscope,
This electrical stress analysis considers the electronics for both the SYG-
4200 gyroscope, P/N £310-90609-901, and the Kearfott gyroscope C-70-2564-015.
As a result of incorporation of the Kearfoit gyroscope in the Rate Measuring
Package, the following changes were required to the electronies:

* Redesign of the Heater Controller PC Card P/N 4216-67678 - Revised
to revision letter F,

. Change in RMP control logic. Changes reflected in Relay Card A and
Relay Card B, P/N 4310-90848 and P/N 4310-908,1 respectively.

The heater controller design, as reflected by the latest revision letter r),
will now.operate both the SYG-4200 and Kearfott gyroscopes.

Helay Cards A and B, P/N 421647680 and 4216-67681 respectively, will be used
with the SYG-4200 gyroscope (new design RMP ®/N 4310-90641-901), whereas
Relay Cards A and B, P/H 4310-90848 and £310-902.1 respectively, will be
required for operation of the Kearfott gyroscope (new design RMP P/N 4310-
90641-903 ).

As a result of the changes indicated, the mean-time-between-failures (MTEF)
for the NIMBUS D RMP (less gyro) is as follows:

Original New Design RMP
Design RMP P/N 4310-90641-901 ¥P/N 4310-90641-903
(SYG-4200 Gyro) _(SYG-4200 Gyro)  _{Kearfott Gyro)

Failures/10° Hrs. 4717 47.2528 46.7168
Failures 7/10° Hrs. 47174 £4,7252 4 .6716
MTEF (Hrs.) 21,197 : 21,163 21,406

-Scope_and Magnitude of Effort

The stress and failure rate analysis performed on this program was geared to
obtaining useful but somewhat limited data at a predetermined level of effori.
Working within this concept, the feollowing assumptions and interpretations
were made:



- The ambient operating temperature experienced by the parts was 45°C.

* The individual part stress was made under worst case conditions, even
though in some instances no real condition existed whereby all parts
could simultaneously experience their maximum stress. In those parts
in which the worst case condition was of a knoun short duration, addi-

" tional consideration was shown by noting the fact on the work sheets,

* The percent of rated stress of the parts was determined by comparing
the actual maximum operating stress to the nominal stress level
indicated on the part specification drawing. The particular parameters
evaluated for the different types of parts are indicated on the work
sheets. Where other parameters were alse important, they were entered
on the work sheets on the appropriate lines. For those components,
such as inductors and transformers, where the evaluation during the
reliability stress analysis cannot be deseribed in the simple terms
of percent stress, the parts were evaluated in terms of the specified
operating conditions (inputs and loading).

* The failure rates asscociated with the parts, evaluated on a worst case
basis, will give a total result which is pessimistic by an unknowm

percentage.

+ For purposes of our relisbility anslysis, &ll paris were considered to
be in use under worst case gtress conditions and vital to the overall
operation of the EMP, This simplification allowed the arithmetic sum-
mation of part failure rates to reflect the total R failure rate. 4
refinement of the analvsis would have considered making use of the
NIMBUS D RMP system operational profile.

* MIL-HDBK~217A was used to provide the siressed fagilure rates. The rates
given are the "inherent" part failure rates, the source of which is
given next to each part designation, The actual failure rates would
be larger by an amount which would depend upon the actual envirenmental
conditions the RMP would experience for the periods during which it was
functioning.

« A dormant failure rate analysis was not considered to be part of the
task assignment.

Stress Analvsis

In Table 1, the worst case stress data of all parts used in the WIMBUS D R/P
are shown in condensed form, taken directly from the religbility analysis
work sheets, in major subassembly groupings., The use of the {igure of 1iC(¢
represents a siress ratio at, or less than, 10f. All other figures are the
actual calculations. Where "OK" appears in a column, this means that the
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part is beinr used within its acceptakle limits, This entry is used only
where the percent stiress of a parameter was not entered on the work sheets,
The question marks next to the relays used on Relay Card A and Relay Card B
reflect doubt about their particular use, even though it is understeod that
Goddard requirements forced their operation in this manner. A consideraticn
of other possible problem areas, as indicated by the asterisks, is made later
in this section of the report.

Table 2 is & summary, by class and total, of component sftress levels, It
shows, in stress groupings of 10%, the percentage of components operating
within that particular stress level., It is presented for a better insight
into the overall component stress structure, The numbers in parentheses
follow:ng the percentage figures are the actual number of components in 1hat
grouping, Again, this is a worst case analysis.,

An examination of the siress percentage table, or of the summary of component
stress levels, shows that four areas exist where a reliability problem could
occur., These are:

s+  Q402, microlegic amplifier on the T/M Signal Conditioning Card

+ C4L06 on the T/M Signal Conditioning Card

« R3, R4, RS on the Inverter Subassembly

. K2, KS, K7 on the Relay Card A, plus K1, Ki, X6, K& on ihe Relay Card B.

Micrologic amplifier Q402 on the T/M Signal Conditioning Card stands out on
the stress tables mainly because the rest of the transistors are so concerva-
tively used. The percent of rated power dissination, which appeared to be '
about 547, is only slightly above the usual derating limit of 50f normally
put on power rated devices, OSince the reliability figure was a calculation
of estimating power consumption ralher than actual disgipation, the stress
percentage could vary either way. It was noted, however, that rains were
taken with this corponent tc provicde a special heat sink which would remove
some of the generated heat and thereby reduce the magnitude of the protlem,

A close check on the performance of this part in operation would seem to be
in order, however. An actual direct measurement of the case temperature dur-
ing simulated operaiion would reveal the efficiency of the heat sink and prc-
vide additional information on the stress to which the part is subjected.

Capacitor CL06 on the T/ Signal Conditionimg Card, while normslly experienc-
ing only 6,2 volts across it, could, if potentiometer P4L0% was turned to one
extreme, feel the full voltsge on lire motor @ C aecross it. Calculaticns
based on information provided in this asrea reveal that a voltage in the order
of 11 volts peak could eccur, - This would give the 7i¥ stress value listed.
This is a marginal area, and actiion needs tc be taken only if an inecrease in
overall equipment reliability is desired ot this time.

Resistors R3, R4, . and RS on the inverter subassembly experience a powef
stress ratio of 95¢ during the gvro spin motor start-up phase. As a con-
tinuously operating level this ratiec would be unacceptsble, but as this



eondition will last for only 5 seconds, the thermal inertia of the parts
will protect them from being put into a high reliability risk class.
Statistics examined from similar applications of load resistors used in
this manner (Lunar Orbiter IRU program) have not revealed any signs of a
relisbility problem, even when the siress ratio was more than double the
ratio found in the RMP,

The relays on both relay cards, with the exception of K3 on card A, are all
having their 12 volt coil circuits pulsed with a 22 volt 60 msec signal.

The result of this usage is thet during the pulses 2.31 watis are being
dissipated instead of ithe nominal .65 watts. Power requirements for pull-in
in the FIH and FCH coils are only .15 and .16 watts respectively. If any of
these relays are operated repeatedly, a definite power problem exists which
could bring about coil failures due to deterioration of the insvlation due

to excess heat, If the duty cycle is lew, however, as information indicates,
the heat problem is not a major consideration; but the siress in the wirdings,
due to an over-voltage condition, could in time lead te an insulaticn break-
down, A look at the Z4 volt counterpart of these relays shows that, with 22
volts applied, .538 watts will be expended in the FCH relay and .484 watis

in the FIF relay compared with standard pull-in ratings of .1€0 and ,150
watts respectively. In each case we would have over three times the necessary
pull-in power. As an aiding facter these relays are rated to pull in in 3.5
msec¢, and we have 60 msec available, An additional aiding facter is that by
drawing only 4 the lead current, the voltage pulse itself would be imoroved.
For additional safety, if lhese higher wvoliage relays are used, a test con-
dition should be set up whereby all coil resistances would be checked =zt
Sperry to eliminate any relays with high coil resistance,

With regard to the Heater Controller Card, for the purposes of a reliability
analysis at the level of development of MIL-HDBK-217A&, 1 Lecember 19¢5, the
unijunction transistor 2¥491A has been considered to ke a silicon diede rated
at less than 1 watt maximum power dissipation, The double emitier transistor
3N7. has been termed a silicon transistor, type N”N, rated at less than 1 watt
maximum power dissipation.

Parts Application Analvsisg

As pari of the stress znalysis, the apolication of the parts was considered
as well as the stress. HNo example of misapplication was found. Instances
were found, as in the T/M Signal Conditioming Card, where electrolytic capa-
citors have their polarization reversed under specific conditions., It was
found in all these cases, however, that dicdes, where placed across these
capacitors, 1imit this reverse voltage to less than one volt, which is per-
missible from a design viewpoint in all cases.
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Failure Rate Anslvsis

The failure rates generated as a result of performing the stress analysis

are presented in Table 3, The total failure rate (Ap) given therein for the
RMP (excluding gyro) can, under the assumptions given in the Scope and Magni-
tude of Effort section (2) of this report, be inverted to yield a mean-time-
between-failures {MIEF), as shown below, While this numter may be interesting
as well as informative, its value is limited to the extent of the assumptiong
made in performing the analysis. Additional effort would be required to
transform this figure into & more meaninsful one which would take into con~
sideration the operational functioning of the RMP and the environment encount-
ered during those periods.

RMP Failure Rate® ()7) RMP MIBF* (1C6/Mp)
BMF Configuration per 10~ Hours Hours
P/N 4310~90641-901 47,2528 21,163
(SYG-4200 Gyro)}
©/N 4310-90641-903 46,768 21,406

(Kearfott Gyro)

*Exeluding gyro,

Vorksheets

The Reliability Analysis Worksheets used in gemerating the data presented
herein are included as part of this report.
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Teble 1

NIMBUS “p“ STEESS PERCENTAGES

Power Conditioning Card (P/N 4216-€76770)

Ref'. )

Desig. 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216
¢ 50 50 34 34 24 24 20 46 19,8
CR 1o w0 16 10 0 16 10 16 10 16 10 10 10 10 10 1¢
Q 10 16 10 10
T 0K 0K
R 10 10 1o 10 10 110 10 W0 10 10 ¢ 10 10 1 10 10

Ref‘

Desie. 217 218 219 220 221 222 223 224 225 226 227 228 229 230 230
CR ¢ 0 110 110 10 10 1o 10 10
R 10 32.7 10 0 10 10 10 10 110 110 10 10 - 16 -

Heater Controller Card (P/N L21€-67678F)

Ref'.
Desig. 301 302 303 304 305 306 307 308 309 310 311 312 313 314

C 47.6 10,2 10 10 3o 10 10 27.2 10/10 1¢
L OK

T Ok OK OK

CR 14.4 144

Q 10 10 10 10 10 10 o 10
R - 10 10 10 10 10 10 10 10 10 16 10 16 -

Dggié- 35 216 317 31g 219 220 321 322 323 Q24 325 326 327 228 329
R 0.5 39.2 10 ~ 10 16 10 10 10 10 10 - 10 10,1 1G.1
Ref.

Desig. 330 331 332 333 2334
R - - - 10 10
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Table 1 (Continued)

Rate Ioop Electronies Card (P/N 4216-67676C}

Rer.
Desig. 201 102 103 104 105 206 107 108

&
—
'
L
=+
[
—
1)
-
ha
-
&
-
ot
.

10 16,6 10 48 48 13,3 13.3 17 =23, 100 23 16 10

P

c

L
T Ok OK Ok OK 0K

- CR 10 10 10 10 10 10 10 16 10 10 10
Q 16 10 10 16 10 10 10 10 10 10 10
R 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Ref'.
Lesig. 115 116 117 L8

R.F.1. Assembly (P/N 4310-906274)

Kef. -
Desig, O 1 2 3

3% 7 50 50
0K
22,2

o

Inverter Subassembly (P/N /216-67675D)

2 4 5 &

c L5 45 22.4 50.8

T OK

CR 10 1% 10 10 10
Q

R

[:
1]
L]
Ll
e
18}
-3
I

i0 10 1¢ 10 10 10 10
95.3% 95.3%95,3*10 1C 10

tZee Stress Analysis section of report for identification and discussion of these
components.
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_ Table 1 (Continued)

" T/M Signal Conditioning Card (P/N 4216-67679C)

Ref.
Desip. 401 402 403 404 405 406 407 408 409 410 "411 412 413 414 415

C 32 32 22.223.5 30 74% 10 10 12 33.8 34 4l.6
CK 10 10 10 10 16 10 10 1l0.8

Q 10 54%
R - 1 10 - 10 10 - 10 10 10 10 10 10 16 1¢
Ref', .
Desig. 416 417 418 419 420 420 422 423 424 485 426 427 428 429 430
R 10 - - 0 10 10 10 110 18,5 10 10 - 10 13.3 -
Ref'.
Desig. 431 432 433 434 435 436 437
R 10 10 - 10 13.1 12 -

Relay Card A (P/N 4216-676308B) **

Ref'.

Tesig, 501 502 503 504 505 506 507 508 509 510 2 3 5 2
C 22.8
CchR I11.@ 1.1 10 10 10 10 10 10 10 10
K 10% 10 10% 10#

Relsy Card B (P/N £216-6T6814 )"
Ref'.

Desig. 511 512 513 514 515 516 517 518 519 520 521 522 523 524 525
CR o 10 1 16 1 10 19 1o 16 10 10 10 10 1o 10
Ref'. )

Desig, 526 527 58 1 4 & 8
CR 10 10 10
K - 20%  10% 20+  10%

-

*Jee ftress Analysis section of revort for identification and discussien of these
components. '
#*Used on RMP B/N 4310-906/1-901 only,
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*Table 1 {Continued)

Relay Card A (°/N _4310-90848)"¥

Refo ) ’
Desiz. 501 502 503 504 505 506 507 508 509 50 2. 71
t 2.8 :

CR 11,2 11,1 10 10 10 10 10 110 10 10

K 10# 10%

Relay Card B (P/N_£310-Q0841 )**

Ref'. ' - - o

Desig. 511 512 513 514 515 516 517 518 519 520 521 222 520 526 427 328
CR 10 10 10 10 10 10 16 10 10 10 110 10 10 10 10 10

Ref.
Desig. 1. 4 & 8

- r—

K 20%  10% 20% Q0%

#See Stress Analysis section of report for identification and discussion of these .
components., : '
#tlJgsed on RMP P/H 4310-90641-903 only.
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Table 2

SUMMARY OF COMPONENT STRESS LEVELS#H*

7 of Components Operating within Stress level
C CR

Stress Ratio %

R L. CR_ K 2

0-10 87.07 {94} 25.9% (U4}  93.7F (74) 755 (6) 97.0% (31}
10-20 93.5 (7) 8.9 (7) 100 (5) 75 97.0
20-30 95,2 (2) 59,3  (11) 100 (2) 97.0
30-40 97,2 74.0 (8) 97.0
40-50 97.2 g7.0 (7) 97.0
50-60 97,2 ' 9%.4 (5) 100 (1)=
60-70 97.2 9.4
70-80 97,2 100 (2)*
80-90 97.2 '
90-100 100 (3)

SUMMARY OF COMPONENT STRESS LEVELG#®*

¥ of Components Operating within Stress Level

Stress Ratio ¢ R_ C_ CR K Q.
0-10 87.0% (94) 25.97 (14) 92.37 (72) 66.7% (1) 97.0¢ (31)
10-20 93.5 (7) 38.9 (7) 100 (5) 66.7 97.0
20-30 95.2 (2) 59.3  (11) 200 () 97.0
30-40 97,2 (2) 74L.0 (8) ' 97,0
4L0-50 97,2 g7.0 (7) 97.9
5060 97.2 9.4 (5) 100 (1)=
60~70 97,2 96,4
70-80 97.2 100 (2)=
80-90 97.2
90-100 100 (3)

¥See Stress Analysis section of report for identificaticn and discussion of these
components.

##Used on RMP P/N 4310-90641-901 only.

#$4Jsed on RMP P/N 4310-90641-903 only.
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Table 3

NIMBUS “D* RATE MEASURING, PACKAGE
'STRESSED FAILURE RATES/10

Pover Conditioning Card (P/N 4216-67677D) N
. Inherent_{Sum)

Capacitors
S50l1id Electrolytic
Jelled Electrolytic

Diodes
Sil. Rect.
S;lf Zener

Iransistors
i), NPH
811, PNP Pwr.

Transformers
Audio Freq.

Registora
Fixed Film

Fixed Film Precision

Total

N

——.

VII-13

. 7600

2.1000

L1000
1,2000

C5.0400
-4500

HOURS

Total

ST

)
A

3.3000

1.3000

L4000

5,400
11.2646

35




Heater Controller Card (P/N_/216-67678F)

Tsble 3 (Continued)

Pl

Capacitors

Mylar

Ceramic

folid Electrolytic

Inductors
Audio Freq.

Transformers
Audio Freq.

Diodes
Sil, Reet.
Sil, Zaner

Iransistorg

Sil. NPN

Sil. NPN (Med. Puwr.)
Sil, HPN Double Emitter

Resistors
Fixed Film

Total

o

A

27

‘A
Inherent (Sum)

.0017
L0250
L0052

.2000
L6000

1.280
L1940

.8170
22950
.1580 '

£.990 70

-3
n]
o+
=

|

L0319

.2000

.6000

1.2700

4.9900
8.5659

S

tbl

o

el

L3

ok



Table 3 (Continued)

kate Loop Elecironics (P/ 421€-£7676C)

N Inherent_(Sum) Total
Capacitors | :
Solid Electrolytic 8 .0140
Mylar 2 L0020
Ceramic 3 L0180
L0310
Inductors
Audio Freg. ) 2 FAL] . LAC00
Transformers
Audio Freq. 5 - 1.0000 1.0000
Liodes -
81i1. Rect. 9 - L9000
Sil. Zener -2 .6000 L soo0
Trangistors
Sil. PNP Pur. 1 LA000
€il. NPN 3 L3000
Sil. NPN ®ur. 7 1,4000 :
. 2.1000
Resistors
Fixed Film 9 - 1,6650 L 09
Fixed Metal Film 8 S 1.2000
| 2.865¢
Total , - o | 7.896C

RFI_Assembly (P/M £310-006274)

Capacitors

Paper 1 170 o6
S0lid Electrolytlic 2 L0088 swos
Jelled Electrolytic 1 2.0000 oso

2.1258
inductors
Audio Freq. 1 - L2000 _ . 2000
Fixed Film (High Stab.;] 1 L1600 LEDD
Total ' : . 2.4858

VII-15
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Table 3 (Continued)

Inverter Subassembly (P/N 421€-67675D)

A

N Inherent (Sum)
Capagitors
“aper 2 4700 L
tylar 1 L0010 -
Electrolytic Jelled 1 L7200 36
Transformers
Audio Freq. 1l L2000
liodes
Sil. Rect. 4 L4000
5il. Zener 1 .3000
iransistors
S5il, NN Pur. , 7 1.4000
Resistors
Fixed Film 2 .5550
Fixed Film Precision 3

L6600

lotal

VIII-16

Total

1.1910

. 2000

.70C0

1.4060

1,2150
4, 7060

.59

L



Telemetry Signal Conditioning Card (P/N £216-67675C)

Table 2 (Continued)

Capacitors

3olid Electrolytic
Fixed Ceramic
MWylar

Diodes
S5il. Rect.
£il, Zener

Sransistors

Sil. W™t

Inteprsted Circuits

Fixed Film
Fived Metal Film
Variable YWirewound

Total

Ll LN

O

i2
15

Relay Card A (P/4 4216676205} %

Capacitors
Fixed Ceramic

Diodss
Sil. Rect.

Relavs

Latching
Non-latehing

Total

10

tllsed on R¥™ "/ 4310-006£1-001 enly.

VII-17

A
Inherent {Sum}

L0322
.0100
L0010

L6000
6000

.1000
L4000

3.7030
2.26490

1.0%200

0053

"1.2520

L1510

L0442

1.,2000

»1000

LACD0

26040

1,32613



Table 3 (Continued)

Relay Cerd B (P/4 4216-676814)%

A
Lisdes 18
helays
Latching 2
tlon~atching 2
Total

Relay Card A (P/H 4310-50348) %

Cepacitors

Fixed Ceramic 1
Diodes

Sil. Rect. 19
Relays

Latching 1
Hon=latching 1
Total

Relav Card B (P/N 4310-90841)#%

Diodes 16
Relays

Latching 2
Hon-latching 2
Total

¥Used on RMP P/N 4310-006/1-901 onlr.
#*Uzed on R4° /W 4310-006.1-002 only,

VII-18

Inherer t (Sum)

2.0730

.3020
.3020

.0053

1.2520

.1510
L1510 -~

L3020
.3020

6040

2.6820

.0053

1,2520

1.8440

6042

2,L480



Teble 3- (Continued)'

Grand Total; Ay (Failures/10° Hours)

(1) RMP P/N 4310-90641-901 (SYG-4200 Cyro configuration) -  47.2528*

(2) RMP P/H 4310-90641-903 (Kearfott Cyro configuration) -  46.,7168%

#*Excluding Gyro.
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